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I ABSTRACT

The application of computers to construction management is

discussed with emphasis on Air Force construction management. Three

J basic areas of computer knowledge are covered: computer development,

computer application to private construction management, and computer

I application to Air Force construction management.

An overview of the development of the computer illustrates the

problems and various factors present in the acceptance and application

J of the computer from initial discovery, through its technological

advancements, to the microcomputer of the seventies. A discussion of

computer applications in the construction phases includes examples

from a basic construction-oriented computer program, ICES PROJECT-I.

Air Force construction management is analyzed through various

levels of management organization determined by project size and com-

plexity. Actual computer applications at these levels are analyzed

on the basis of interviews, regulatory documents, and an overview of

a construction management computer program utilized by the Air Force.

Conclusions and recommendations are given with the purpose of

enhancing the Air Force construction management program.

9
I

I

..... ...........I .....I I , , I~ .. ...................1 I ll l l 1 1 11 ~ I ... .I ......I I



ivI

TABLE OF CONTENTS

JPage

ABSTRACT ........ ... .............................. iii

LIST OF FIGURES .......... ... .................... . vii

l LIST OF ABBREVIATIONS ........ ..................... .. viii

ACKNOWLEDGMENTS ......... ........................ ... ix

J CHAPTER

I. INTRODUCTION ........ ....................... 1

J Management Background ........ ................ 2
Construction Management ....... ............... 5
Are Improvements in Construction
Management Necessary? ....... .............. 6

Improvements and Growth in
Construction Management ...... ............. 7

Military Construction Management ...... .......... 10
Role of the Computer ...... ............. ..... 12
Objectives ... ...................... 14
Scope and Limitations, ................ 15

II. COMPUTER DEVELOPMENT ........ .... ........... .... 17

Evolution of the Computer ....... .............. 17
Changing Role in Management . . ............. .. 20
Problems in Acceptance

and Application ................. 21
Top Management Failings. .............. 22
Improper Training and Utilization .......... .... 23
Computerization Process Failings ..... .......... 23
Construction Related Problems ... .......... ... 24

Aids to Acceptance
and Application ...... .................. .... 25

Service Bureaus and
Time Sharing ..... ................... ... 25

Software Centers ....... .................. 26
Minicomputers ................... 27

Microcomputers .............. . . . 28
Education and Trainin g ........ ...... 28

Computers in Education
and Training ...... .................... .... 29

Summary and Conclusions . .............. 30

7.



TABLE OF CONTENTS (Continued)

CHAPTER Page

III. COMPUTER APPLICATIONS. .. .................. 32

Pre-Construction Phase. .. ................ 33
Quantity Take-Offs. .. ................. 34
Cost Estimates. .. .. .........................34
Design Selection and Optimization*.. ......... 35IEngineering Calculations. .. .............. 35
Specifications. .. ................... 36
Contract Documents. .. ................. 36
Computerized Packages .. ................ 36I!Construction Phase. .. .................. 38
Planning and Scheduling .. ............... 38

Initial Planning. .. ................. 39
Resource Scheduling .. ............... . .. .... 40
Expediting. .. .................... 42

Controlling .. ..................... 43
ICES PROJECT-I. .. ................... 44
Constraints........ .......................44
Network Representations*.. .............. 45
An Example Project. .................. 45
Activity Planning Schedule..............46
Cost and Resource Planning. .. ............ 52
Resource Reports. .. ................. 53
Activity Working Schedule .. ............. 58
Working Bar Chart .. ................. 58
Progress Summary Reports. .. ............. 61
Progress Status Reports .. .............. 63
Predicted Status Report .. .............. 70
Flexibility in Options . .. .. .. .. .. .. .. 70

Post-Construction Phase .. ................ 71
Project Results. ........ ............. 71
Analysis and Feedback .. ................ 71

7 Summary and Conclusions .. ................ 72

IV. AIR FORCE CONSTRUCTION MANAGEMENT. .. ............ 75

Background. .. ...................... 75
Financial Accountability. .. .............. 75
Rules, Regulations, and Decision-Making .. ....... 76

7 Coordination. .. .................... 77
Construction Management System. .. .......... 78

Computers and Air Force Construction Management . .. 79
Computer Application. .. ................ 79

Contracting Agent's Input . .. .. .. .. .. .. 80
Air Force PhaseV . .. .. .. ........... 81

Computer Application Consensus. .. .......... 82
organizational Levels .. ................. 83



vi

7 -TABLE OF CONTENTS (Continued)

CHAPTER Page

Small Construction Projects .. .. .......... 87
Contractor/Construction Manager Relationship . . . 87
Progress Reports and Computers .. .......... ... 88
-Construction Manager's Influence .. ...... .89
Example of a Construction Manager's Initiative . 90
Other Computer Applications .. ........... ... 92
Younger, Inexperienced Construction Managers . . . 92

Large Construction Projects ... ............ . 93
Construction Manager's Responsibilities ..... . 93
Computer Applications ...... 94
Computer Application Example-Wilford Hall
Medical Center ............................ .... 95

Computer Application Example-Space
Transportation System ... ............. .. 97

Conclusions from Examples ... ............ . 98

Automated Military Construction
Management Report System ... ............. .... 99
Background ...... .................... .... 99
Complexity ....... ................... .... 100
Benefits ....... ..................... . ... 100
Data Base .................... 101
Output Report Format ..................... .01
Input Data ................. . 101

Output Data and Reports. .... 102
Additional Management Capabilities .... ........ 104
Application Level ... ................ 104
The Air Force Construction Manager and AMPRS . . 105

Summary and Conclusions .... ............... .. 106

V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS .... ........ 109

Summary ........ ....................... ... 109
Conclusions and Recommendations ... ............ il

BIBLIOGRAPHY .......... .......................... ... 115

APPENDIX ........... ................. 121

Software Package Information .... ............. ... 121

* I

* i
!.



vii

LIST OF FIGURES

FIGURE Page

1 1 Activity-on-Arrow CPM Network Diagram .. ........... ... 47

2 Activity Schedule ...... ...................... .... 50

3 Planning Bar Chart ................... 51

4 RequiredManpowerResources ..... ................ ... 54

5 Resource Allocation by Activities ... ............ ... 55

6 Resource Allocation by Resources ... ............. ... 56

7 Activity Working Schedule ..... ................. ... 59

8 Working Bar Chart ............................ ... 60

9 Summary of Actual Progress ..... ................ .. 62

10 Completed Activities Report - Category 1 .......... ... 64

11 Activities in Progress Report - Category 2 .... ........ 66

12 Activities in Progress Report - Category 3 .. ........ .. 67

13 Activities Overdue Report - Category 4 .. .......... .. 69

14 Simplified Project Organization Chart -
Small Construction Project .... ............... ... 84

15 Simplified Project Organization Chart -
Large Construction Project .... ............... ... 85

116 Simplified Project Organization Chart -
Large, Complex, Construction Project .. .......... .. 86I

I



viiiI

LIST OF ABBREVIATIONS

A-E Architect-Engineer

AMPRS Automated Military Construction Progress Reporting

CM Construction Manager

COE Corp of Engineers (Army)

COEMIS Corp of Engineers Management Information System

CPM Critical Path Method

CPMT Critical Path Method Training

ENIAC Electronic Numerical Integrator and Calculator

ENR Engineering News Record

ICES Integrated Civil Engineering System

NAFAC Naval Facilities Engineering Command

PERT Program Evaluation and Review

PROJECT Project Engineering Control

STS Space Transportation System

3
I

I
I



ixI

ACKNOWLEDGMENTS

The writer wishes to express his appreciation to Professor

Gifford H. Albright for his assistance and guidance in the prepara-

tion of this thesis. Special recognition is also to be given to

Drs. Louis F. Geschwindner, H. Randolph Thomas, and Jack H.

Willenbrock for the professional knowledge and review which resulted

Iin this thesis.

.-!

I

4



I.

CHAPTER I

INTRODUCTION

Construction management personnel are responsible for a multi-

tude of integrated tasks as part of the planning, scheduling, and con-

trolling of a construction project. Today's complex construction

projects, both public and private, require highly trained and skilled

managers who must use sophisticated management tools to accomplish

these tasks.

One such tool, which has provided positive results in other

management fields, is the computer. Although the computer has been

applied successfully on a number of construction projects, many con-

struction managers still favor traditional management methods. These

methods involve manual operations which are time-consuming and subject

to human error. Although efficient in the past, manual methods can

no longer provide the quality of up-to-date information required on

complex, large construction projects. The sheer volume of information

required for these projects is overwhelming. With the aid of the com-

puter, the construction management decision-making process can be

accomplished with greater speed, efficiency, and quality, thus, saving

time and money.

The computer's full potential cannot be recognized or utilized

in the construction management field unless the construction manager

has an understanding and knowledge of the computer's benefits and

capabilities. It is crucial, therefore, that education and training
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in computer applications and capabilities be provided to the construc-

tion manager in both the public and private industry. Private indus-

try, being well ahead of the public sector in computer applications,

has taken the lead in this endeavor and, perhaps, should serve as an

example to the public construction managers.

For this thesis, private construction refers to construction in

the commercial industry. Emphasis will be placed on public construc-

tion, which refers to construction under government administration.

Particular emphasis will be placed on military construction, primarily

that of the United States Air Force. The terms Air Force, Army, and

Navy, as used in this thesis, refer to the military branches of the

United States government.

The information and examples discussed in this thesis are the

result of the writer's initial research concerning his own future

assignment with the Air Force. The findings were derived throughout

a period which began with a personal visitation to an Air Force

construction management division in July, 1978, to the final summation

of the information and the authorization to use references which was

obtained in November, 1978.

Management Background

The discipline of management has undergone considerable changes

in its application and definition since its initial recognition. Early

management practices actually favored Webster's definition of management
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as the "act or art of managing." While this may be sufficient for a

common, everyday definition, management researchers and authors

strongly reject.the idea of strictly classifying management as an art.

Several authors (1, 44, 52, 55) indicate that management is actually

a combination of both science and art. In the past, the natural

abilities and skills of managers have proved to be sufficient. The

complexities of today's modern professional management, however,

require the addition of a scientific approach.

A well-defined history of the evolutionary process has been

portrayed by several authors (5, 6, 44). It appears that the evolu-

tionary process that has produced our present day management practices

was first documented in relation to the Industrial Revolution of 1750

and 1850. Prior to that period, businesses were small and industrial

activity did not have significant economical value. Thus, management

was not a primary concern, and the leadership provided was based on

man's natural ability and skills. The emphasis on machinery and

assembly line production methods during the Industrial Revolution

brought about the need for increased management applications. Watt

(1795), Owen (early 1800's), and Babbage (1832), made the first real-

istic management applications in the field of production engineering.

The studies of Taylor (1880's), Ghant (1880's), and Gilbreth (1880's)

added new dimensions to the definition, of management. These men indi-

cated the need for a scientific approach to management applications;

at that point in time, however, managers were not ready to accept this

revolutionary approach in lieu of proven natural ability and skills.
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Fayol (1908) analyzed his daily executive experiences and took

the scientific approach to management one step further. He categorized

some basic principles of management in order to educate others.

Although Fayol's concept that management principles should be taught

was not accepted during his time, a number of current management text-

books present similar principles. Fayol's concept of education in

management has since been reinforced, as evidenced by the later develop-

ment of management theories and texts and the actual management training

programs established in schools and universities. These developments

have provided a foundation for today's scientific approach to manage-

ment.

The importance of continuing developments in the scientific

approach to management is presented in Allen's (1) study of management

as a profession. Allen recognizes and emphasizes the need for an

"increase in knowledge" and an "improved education of managers" as

they become professionals. In discussion the requirements for "young

and aspiring leaders," he states that "education is our greatest

need . . . (1:88)." Thus, education is the key to the future of

management as a science and as a profession.

The management evolution was based on the complex needs of

expanding industries. Education and training of managers proved to

be essential in this evolution. The particular field of construction

management, as one of these expanding industries, required improvements

in management practices in both the private and public sectors. The

responsibilities of private and public construction management, the
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need for improvements in management techniques, and the role of the

computer as a development of the scientific approach to management

will be discussed in the following sections.

Construction Management

The construction management process can generally be divided into

the phases of organizing, planning, scheduling, and controlling.

Organizing and planning are the identification and orderly arrangement

of the requirements of the construction process, such as the work acti-

vities and the resources of manpower, equipment, and material. Schedul-

ing establishes a time framework for these requirements. Their inter-

relationships and interdependencies must be evaluated and considered

in order to create a precise and workable schedule. Controlling a

project occurs throughout the construction phase. This is the process

of directing the construction effort to insure that the schedule and

budgetary constraints are satisfied.

The integration, coordination, and interfacing of the total

environment of the construction process which sometimes can begin as

early as the initial design phase, requires an extremely knowledgeable

and capable manager. He must be able to combine his skills in the

art and science of managing with his thorough understanding of the

concepts and requirements of the construction process. The construction

industry has advanced in technology, volume, and complexity to the

point where a construction manager must make use of every management

concept and tool available to him in order to make cost-effective and

timely decisions.
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Are Improvements in Construction Management Necessary?

Traditionally, construction management, as in other types of

management, has been accomplished through natural skills and abilities.

The earlier scientific management approaches applied to the manufac-

turing industry were not designed for the construction industry (44).

Routine operations and the assembly-line procedures of the "industrial

trades" could not be readily applied to the everchanging conditions

and requirements of a construction project. Management personnel,

supervisors, foremen, and workmen varied with each project. Methods

of construction and use of materials also changed with each project's

location, functional design, economic influence, and other criteria.

The construction industry itself was subject to fluctuations in

business volume. Under these circumstances and operating conditions,

construction management definitely required a change in its manage-

ment approach. Improvements had to be made to continue to advance

the construction industry.

In addition to these same conditions, today's construction indus-

try must operate with an ever increasing "tight-money" policy and a

continuing growth in complexity due to new technology and construction

developments. With the construction industry, both foreign and domes-

tic, being a major element in our nation's economy (9, 52), construc-

tion management can ill afford not to continue to make improvements in

its management practices and techniques.
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Improvements and Growth in Construction Management.

The total process of constructing a building has traditionally

been accomplished in four separate and sequential periods of time (22).

First the decision to build is made, then the design is developed.

This is followed by a bidding period to obtain a contractor before the

final period of the physical construction is accomplished. Construction

management has traditionally been active in only this final construction

period.

A process called "fast-tracking" or "phase-building," which has

recently been developed, permits these separate periods to be over-

lapped, thus, resulting in significant savings of time and money if

properly administered. This process requires an integration of these

periods by one individual, often called a "construction manager," who

can advise and make recommendations concerning all of the construction

aspects as early as the initial design phase. Essentially, this

"construction manager" coordinates the activities of several contrac-

tors or subcontractors who do not know or care about the needs of

others.

The actual term, construction manager (CM), was not applied to

this position until government officials decided that an individual

manager was required to advise during the design end to organize and

manage the many separate contractors required by regulation on govern-

ment construction projects (47). This CM usually has no contractual

agreement with the separate contractors and receives a separate fee

for his work.
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The construction industry today still successfully employs the

traditional methods of construction on numerous projects, however,

the use of the methods of fast-tracking and the CM approach have sig-

nificantly increased in recent years. The type of project and the

choice of the owner and the architect determine whether or not to

incorporate these newer methods in their construction projects.

The advantages and disadvantages, of each method, although not

intended to be included in this thesis, must be separately applied

to each construction situation to determine the best applicable con-

struction method to be used. The complexity of a project alone can

determine a need for a CM function. Fast-tracking is more dependent

on timeliness and cost effectiveness.

In private construction, the CM function has been provided by

separate CM organizations or as part of the services offered by a num-

ber of general contractors. Its importance is indicated by its

increased application. In 1976, one-fifth of the ENR Top 400 construc-

tion companies provided this specific service for their clients (25).

In 1977, the figure increases as one-fourth of the Top 400 construction

companies were involved by providing specific CM services (26).

These figures do not provide information about the many firms not in

the Top 400 who also provided these services, or the CM services pro-

vided by companies which do not appear in a separate billing category.

It is apparent that the construction management field is developing

into a more technical and professional field requiring highly quali-

fied and knowledgeable managers.
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Clough (8) suggests that a new generation of scientific construc-

tion management concepts has emerged and is being applied by the pro-

fessional construction manager. This approach treats the entire

construction process as a unified system of integrated actions. A

list of the four functions involved in this comprehensive project

management system are given (8:6):

1. The detailed planning of the construction operations,

2. Time scheduling of these operations,

3. Control of time and costs through project monitoring and

periodic correction and readjustment of the construction

plan, and

4. Administration of the contract.

This system, employed by most construction companies in some form,

is usually based on a network model of the many activities of a con-

struction project. A detailed analysis and understanding of the intri-

cacies of a project are gained by the project manager in the formation

of this network model. Costs and time control are achieved through

actual progress monitoring and a comparative analysis with the model.

The forms and reports developed in the system, when considered with

the overall project requirements, provide the essential information

for construction management decision-making.

The actual computations and manipulation of the information

required for large, complicated projects is very tedious, time-

consuming, and costly. Construction companies and managers have,

therefore, been acquiring and employing new and sophisticated manage-

ment tools. One of these, the computer, has had major advances in

technology, and has received wide-spread application as a construction
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management tool. The role of the computer in construction management

will be traced in this chapter after another aspect of construction

management is reviewed, that type of construction management found on

military projects.

Military Construction Management

The Army, Navy, and Air Force branches of the military conduct

extensive construction programs annually (35, 49, 50) which also require

highly trained and knowledgeable construction managers. These military

construction programs place the primary responsibility of insuring the

satisfactory design, construction, and acceptance of their construction

projects in the hands of the military construction engineers and

managers.

The Army Corps of Engineers (COE), an agency of the Department

of the Army, is responsible for the largest volume of the military

construction and also has a civil governmental construction commit-

ment. In the military construction program, its primary function is

to serve as the contracting agent for the construction of its own pro-

jects, large projects of the Air Force, and some selected Navy pro-

jects. The COE's civil responsibilities include government construction

programs such as the federal water resources development program and

the National Aeronautics and Space Administration's space programs.

The Naval Facilities Engineering Command (NAFAC) is the Navy's

counterpart of the Army's .COE. As such, it acts as the contracting
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agent for its construction programs and also for designated Air Force

projects. A major part of the Navy's construction programs has been

in its housing projects which have emphasized "turnkey" construction

concepts. Other Navy projects have included hospital construction,

shipyard modernization, aircraft rework facilities, public works pro-

jects, Marine construction projects, and some Air Force administrative

building complexes and housing developments.

The Air Force construction program has for quite some time been

comparable to the Navy's program in terms of dollar volume, but has

recently undertaken some larger, multi-million dollar projects such as

the addition and renovation of the Air Force's Wilford Hall Medical

Center and the development and construction of the Space Transportation

System (STS) facilities of the space and missile system program (12).

The Air Force traditionally functions as the contracting agent on

only a limited number of its own projects such as family housing

construction, maintenance and repair projects, and construction of

recreation facilities. Close coordination, surveillance, and control

must still be established by the Air Force construction managers for

all its construction projects since actual project management is the

responsibility of the particular branch of the service, which will

eventually operate the facility.

It can be concluded that the military construction manager

must be capable construction manager, able to utilize the basic

principles of management on a variety of projects. Since he is usually

an engineer as well as a manager, he must have a sound engineering
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background, must be adaptable and open-minded, and must be skilled in

management techniques (43).

Professional training and education are essential, but the mere

application of the knowledge and skills which he acquires are not

always sufficient to achieve the most efficient and effective results.

The military construction manager, just as his counterpart in civilian

or private construction, must learn to apply the tools of management

available to him. These tools include the application of the computer

to construction management procedures.

Role of the Computer

The necessity for rapid computations and timely information for

management decision-making has created the need for sophisticated and

scientific management tools. The computer, with its high speed stor-

age, calculation, and recall capabilities and flexibilities, is the

ideal management tool for providing the needed coordination and

dissemination of the information which is required to allow efficient

and effective decision-making.

Management must be kept accurately informed in all areas of its

responsibility without being swamped with excessive and impertinent

data. Besides the speed and accuracy required, the computer can sort

and manipulate information to bring to management's attention only

those critical areas required. The computer can be programed to

determine what is critical and to highlight this information or
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summarize it in a concise form. Thus, the computer enables the appli-

cation of the concept of "management-by-exception," in which only items

requiring attention are reported for management action. The manual

deciphering and sifting of unimportant information is therefore elimi-

nated and a savings of time and money is realized.

The computer is now being applied to management in almost every

industry. As technological breakthroughs improve the computer's

capabilities and decrease its expense, more companies will continue to

acquire and use computer services.

It is felt that the computer has great potential as a management

tool for the construction manager in the construction industry. To

benefit from this potential, however, the construction manager must

first understand the computer, although he does not have to become a

computer programmer or an expert on computers. He must, however, be

knowledgeable about the benefits and capabilities of the computer.

With this knowledge he can then determine if the computer could pro-

vide benefits to his specific work. Once this is determined, he can

take the necessary steps to utilize the computer and to obtain these

benefits (52, 54).

It is suggested that the real potential of the computer lies in

its ability to provide the communication link for the entire construction

process (24). The construction manager requires information concerning

the total project to make accurate decisions affecting future activi-

ties and conditions of the project. He may have to coordinate

resources with other construction projects in which his firm is
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involved. The computer can store and selectively reproduce the desired

information with greater speed.

The computer is also highly beneficial in the individual con-

struction phases of planning, scheduling, and controlling. The many

calculations, evaluations, sorting of data, and other information-

handling requirements can be extremely tedious, redundant, expensive,

and subject to error if the traditional manual methods are used. An

analysis of a typical computer program in Chapter III will provide an

example of the possible applications of computers in construction

management.

Objectives

It is felt by this writer that today's Air Force construction

managers are not using the computer to its fullest capability. There

appear to be several factors which are the basis of this failure,

resulting in a loss of greater efficiency and thus savings.

The purpose of this thesis is to provide an introductory docu-

ment that presents an overview of the benefits and evolution of the

computer and to examine various aspects of computer utilization that

are relevant to the Air Force construction management field. The

knowledge gained and the conclusions reached can then aid the Air

Force construction manager in achieving greater utilization of the

computer in the accomplishment of his construction management duties.
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The specific objectives which will accomplish this purpose are:

1. Provide a general background and development of the computer,

2. Explain the application of the computer in pre-construction
and post-construction phases which can aid the construction
manager,

3. Indicate how computer programs can be directly applied to
aid construction management in the actual construction
phases of planning, scheduling, and controlling a construc-
tion project,

4. Discuss the duties and responsibilities of the Air Force
construction manager in the various organizational levels
of a construction project and analyze examples of computer
applications at these levels,

5. Provide an overview of a computer program currently being
used by the Air Force,

6. Draw conclusions concerning the further application of
computers as a management tool on construction projects.

7. Make recommendations as to how the Air Force construction
manager can apply his knowledge of computer capabilities
to aid in his construction management duties, and

8. Make recommendations as to steps the Air Force can take to
receive more benefits and efficiency from computers and
greater utilization of the construction managers in its
construction program.

Scope and Limitations

The scope of this thesis is primarily concerned with providing

the Air Force construction manager with a starting point from which he

can begin to learn about computer capabilities and benefits and to apply

them to the various stages of a construction project. Direction will

also be provided to the Air Force to aid in this accomplishment.

The study provides a brief history of the computer's development

and its introductory use in construction management, examines the needs
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and benefits of training and education with computer programs, and

analyzes a basic computer program as applied to a typical construction

project. The Air Force construction management field is analyzed with

regard to the duties and responsibilities of the Air Force construction

manager in its various organizational levels, the impact of the present

computer situation at these levels, and an overview of a computer

program being utilized on Air Force construction projects.

The scope of this thesis is not intended to be such that the

Air Force construction manager will become an expert in developing

or using computer programs, but should provide him the background to

adequately and knowledgeably assess his own situation to determine if

he could possibly benefit from computer applications. In addition,

computer programs will not be analyzed with respect to their cost or

availability, thus, no one program will be recommended in favor of

another.
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CHAPTER II

COMPUTER DEVELOPMENT

This chapter provides an overview of the evolution of the com-

puter as well as an indication of its changing role in management.

This changing role has been due in part to the reluctance of manage-

ment in general to accept and use computers. This reluctance by

management has also been reflected in the construction industry. It

is felt by the writer that if Air Force construction managers are made

aware of the evolution of the computer and the problems of acceptance

which have been encountered, similar problems could be avoided in

Air Force construction management areas.

Evolution of the Computer

The early predecessors of the computer were innovations and inven-

tions that were in response to a need for improved methods of counting

and calculating. The computer itself was merely an extension. of these

earlier ideas and concepts. Its development to its present form has

been presented by several authors (23, 28, 32, 40).

It appears that the first mechanical aid to calculation emerged

during early Greek and Roman times. The Babylonians are credited

with the development of a primitive abacus; present form of the

abacus is credited to the Chinese. Its use slowly began to disappear

in Europe in the fifteenth century. It is still used today, however,

in some Eastern Asian countries.
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In 1614, John Napier of Scotland reduced the labor of long

multiplication and division with his invention of logarithms. This

was followed in 1632 by Oughtred's invention of a primitive slide

rule. Today's version of the slide rule was not developed until 1850

by Mannheim.

Pascal originated the concept of addition and subtraction by

mechanical means in 1642. His complex set of toothed wheels included

a carrying mechanism. About twenty years later, Morland produced a

similar adding machine and a multiplying calculator. In 1694, Leibniz

developed the first machine to multiply, divide, and subtract directly

without resorting to complement arithmetic. Other machines followed

through the eighteenth century. None of these earlier calculating

devices were considered reliable, thus, they did not become popular.

Their principles, however, were used in later concepts and inventions.

In 1820, the first successful, manually operated calculator

went into commercial production. The addition of a motor in 1920,

resulted in the first electrical calculators.

Charles Babbage is considered the "father" of the computer. In

1883, he developed the plans for an "Analytical Engine" that contained

all of the essential features of a modern computer. His plans were

never completed because the necessary materials and methods of con-

struction were not available during his lifetime.

The next seventy years witnessed the emergence of several forms

of calculating machines and semi-automatic calculators. The develop-

ment of the first successful electronic computer was a result of
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concentrated and coordinated research efforts by teams of scientists

and engineers at two separate locations.

These first fully electronic computers were developed independently

at the University of Pennsylvania and at the German Aircraft Research

Institute. Each was developed as a result of an intensified research

effort brought upon by military necessity during the Second World War.

The American version was the Electronic Numerical Integrator and Cal-

culator (ENIAC). Despite its initial failings, it proved that auto-

matic computation was feasible. By 1950, the computer was on the

commercial market.

The first commercially-marketed computers, (i.e.: the first

generation computer), incorporated vacuum tubes, were relatively slow,

had low reliability, and had a limited memory capacity. Transistors

replaced the vacuum tubes in 1959, permitting a reduction in both size

and costs. These second generation computers had an increase in

reliability and speed with a greater memory capacity. A further

increase in benefits and more widespread application were achieved

with the advent of the third generation's solid state circuits in 1965.

Other third generation advancements included remote terminals, time

sharing, and software improvements. Since 1971, the fourth generation

has provided large-scale computer networks, mini-computers, micro-

computers and microprogramming. The capacity, speed, and reliability

have increased quite noticeably while cost and size have greatly

decreased. It is noted by Mitchell (40) that numerous inexpensive,

compact, and powerful microcomputers are now available.



20

The future of computers is expected to include even greater

memory capabilities, reductions in size and cost, and a further increase

in speed. It has been stated that "every 4 years, the cost of computer

equipment is cut in half, and its power increases 10 times (11:101)."

While the costs of hardware are decreasing because of the technological

advancements in production methods, the costs of software programs are

expected to increase. The professional skill required to manually

write software programs continues to rise.

The evolution of the respective generation of computers has

resulted from years of research and technological study. Since the

marketing of tbe first computer, its application has been felt in

nearly every aspect of industry. During this period, the field of

management has demonstrated various reactions and some opposition to

the use of computers. This topic is discussed in the following section.

Changing Role in Management

The computer made its initial entry into the business profession

in the early fifties. The first major computer applications were for

routine office work and clerical functions. Because of its speed, the

computer could digest, rearrange, and summarize large volumes of infor-

mation rapidly. Its ability to perform large amounts of repetitive

clerical operations at a rate far exceeding those performed manually,

established the computer as a vital administrative tool.

In many instances, the growth of enterprises and the complexity

of information that accompanied this growth, had exceeded management's
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ability to provide manual control. The computer emerged as the manage-

ment tool that processed this abundance of information. Through

efficient and accurate programming, the computer became the communica-

tion means to interpret, analyze, transmit, and store data.

The speed with which the computer could process complex informa-

tion provided management with up-to-date reports on items effecting

the immediate situation. These timely and up-to-date reports enabled

management to base its decisions on knowledge of the present situation

rather than on past experience and history. Consequently, with the

addition of all relevant facts, the accuracy and quality of management

decisions were improved.

It is concluded that from the beginning computers had the capa-

bility of aiding the manager in his responsibilities. The benefits

shown by some of the first computer applications indicated only a few

of the possibilities and a small fraction of the potential of the com-

puter. Yet, computer application did not expand without failures and

skepticism. The following sections will discuss some of the reasons

for the failures and skepticism, and the steps that have been taken to

alleviate these situations in the management field.

Problems in Acceptance and Application

The advent of the usage of the computer in management was

accompanied by mixed emotions and attitudes (31, 32, 39, 55). The

skepticism of something new and untried deterred many managers. The

application of computers in industry had replaced many workers. This
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"unemployment scare" further strengthened the resistance to "compu-

terize." Another problem was the zealous, power-hungry manager who

saw a chance to build his own area of power around the computer.

Others joined this "bandwagon" to computerize in order to keep up

with the times and recklessly converted their firms to a supposedly

automated management system. Only a few of the early changeovers

to computers were successful, most were not.

Top Management Failings

Some early failures of computerization were also related to top

management's lack of computer knowledge and the fact that changes in

the role of decision-making caused by new technological advances, such

as the computer, occurred too rapidly for the senior managers. Their

preference to stay with proven traditional manual techniques often

slowed the decision to computerize. Without the commitment and backing

from top management, a successful change to computers was often stymied.

It should be noted that the original application of the computer

was for simple calculations related to financial and routine clerical

work (31, 32, 55). This work occurred at the "bottom" of any management

organization and therefore, did not receive the required attention which

was needed to insure its success. The failures that occurred resulted

in computer "Jokes" and "stores" which only reinforced the resistance

against the computer's use. Under these circumstances, the real

capabilities of the computer could never be fully realized.

A
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Improper Training and Utilization

Oftentimes when a company did acquire a computer system for its

use, it failed to provide the necessary training and education to the

employees who used the computer output. It is indicated that much of

the output was redundant, changes in the system were made without

the user's knowledge, and some information was inaccurate (39). This

often caused users to discount accurate information. Thus, because of

the lack of proper training and orientation on the part of the user

and the information supplier, a self-defeating cycle evolved. It was

concluded that without managementfs involvement in the computerization

of a company, the computer's capabilities were only slowly utilized and

accepted.

Computerization Process Failings

The computerization process itself has also been the primary

reason that some firms have been reluctant to accept computers. The

first problem is that, as indicated by early economic failures, com-

puterization cannot be achieved overnight. Tomeski (55) points out

many of the pitfalls that can and have occurred to numerous firms.

The initial high praise given the computer was a factor which

caused firms to completely computerize without first performing a

feasibility study or making the proper plans for operation. The

salesmanship of computer companies glamorized the benefits of the com-

puter and deemphasized the "small" disadvantages such as software pro-

curement difficulties, building renovation requirements to accommodate
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the computers, and air conditioning system requirements to keep the

bulky, heat-producing computers from overloading. Thus, an additional

financial burden was added to the basic cost of computer equipment.

The initial high costs of computer hardware and software added

to the resistance to computerize. Optimistic payback periods were

also not achieved due to poorly planned changeovers to computers.

In many cases, the projected time required to become operational

was underestimated. Tomeski (55) notes that in the early sixties

computer delivery time took twelve to twenty-four months, software

delivery was many times delayed, and required training took additional

time away from production. Consequently, large-scale applications

were oftentimes not achieved for years.

Construction Related Problems

The construction industry also experienced many of the initial

computer problems. The original application of the computer was not

oriented to construction operations, and changes in application were

not of major concern to construction managers. It appears that the

development of the Critical Path Method (CPM) and the Program Evalua-

tion and Review Technique (PERT) methods of project scheduling in the

late 1950's was responsible for the first real application of the com-

puter to construction management in the early 1960's.

The original computer versions of CPM and PERT, however, contained

many programming inadequacies. At the same time almost every construc-

tion magazine was praising CPM as "necessary for survival" and necessary
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for a "successful contractor (21)." This overrating of their initial

applications encouraged much of the premature computerization in the

early 1960's.

The initial reluctance to utilize computers as indicated above,

resulted from various circumstances and factors. Since the first appli-

cation of the computer, however, there have been numerous innovations

and advancements through research efforts that have aided the computer

to become more widely utilized and accepted. The areas in management

and the construction industry which were significantly affected by

these aids are discussed below.

Aids to Acceptance and Application

Although the acceptance of the computer has not been totally

achieved, there has been a considerable increase in its application in

the management field. One of the major factors contributing to

increased computer acceptance is the decreased cost of computer oper-

ations.

Service Bureaus and Time Sharing

The original high cost of computer hardware proved economically

unfeasible for many companies. The advent of service bureaus and time

sharing helped to eliminate this initial high cost. Firms not requiring

continual use of a computer were able to reduce expenses by purchasing

or renting only the remote terminals that were linked to the larger

processing unit. The firms, therefore, had access to the computer and
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were charged only for the time that it was used. Although time sharing

was originally offered by computer manufacturers through service

bureaus, its concept was applied by companies endeavoring to utilize

the full capacity of their large computers. By renting computer time

to other companies, their return on the computer investment was

increased. The cost-saving alternative of several businesses using

one computer resulted in a more viable and accessible tool for manage-

ment purposes.

Software Centers

Another aspect considered in alleviating management's reluctance

to use computers was the accessibility of software programs. Software

programs are the systems that allow the computer to function. Hemes

(33) further explains this with his division of software into two

sets of systems: programming systems and operating systems. The

programming systems consist of the languages for writing programs and

a translator which encodes the programs to the machine language.

The operating systems monitor and control other programs and take

charge of computer operations. Therefore, anything in a computer

system that is not hardware (the computer equipment itself) is con-

sidered to be software.

Highly skilled personnel are necessary to write accurate and

effective programs. The additional economic burden of retaining

skilled personnel to write these programs for each computer user

compounded management's reluctance to accept computers. A means of

alleviating the high cost of software programs was achieved through

the advent of software sharing centers.



27

Since many of the same or similar programs were required by

management in different organizations, software centers were estab-

lished to both maintain general use programs as well as to furnish

specialized programs. Some computer manufacturers offer this service

and maintain extensive program libraries as part of their sales packages.

These programs may also be purchased separately. Specially formed

computer consultant companies also include software programs as part

of their computer services. Other software sharing is possible through

universities and through time-sharing operations formed by computer

users. Thus, software programs have become more accessible.

Minicomputers

Although technology advancements in computers had greatly

decreased the initial high costs, many small firms could still not

afford the expense of owning computers or renting computer services.

Their requirements for computerization were at a much smaller capacity

level. The introduction of the minicomputer in the late 1960's filled

this requirement.

A turnkey minicomputer package was designed to fill the gap

between accounting machines and medium-scale computer systems. During

the yearly period prior to October 1978, there was an 800% increase in

the number of suppliers of small business computers (51). This new

approach gives management greater insight into all aspects of business,

especially project management, inventory control and accounting.
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Microcomputers

The microcomputer is the latest addition to the computer indus-

try (37). It has less input/output capacity than the larger computers,

but greater processor speeds. It was developed in the early 1970's,

is based on the computer chip, and is being added to the computer

supplier's equipment line.

Just as the minicomputer fulfilled the smaller needs of the com-

puter industry, the microcomputer is finding its place in the computer

world. Together they are fulfilling the userg' demand for the growing

conversion to computers. Their continual growth in the future is

expected as indicated by the fact that many service bureaus are

installing these systems at customer sites in order to remain in com-

petition.

Education and Training

For computers to be accepted and utilized by management, an

upgrading in the education and training of managers was found to be

essential. With the advent of software centers and consultants,

personnel highly trained in computer programming and operations were

made readily available to aid firms in the changeover to computers.

Universities began to increase the quality and quantity of computer

courses available as research continued to expand. Program languages

and input criteria were simplifiedto a level easily understood by

the manager.
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Computers in Education and Training

Additional education and training problems in construction

management are discussed by Paulson (42) and Halpin (30). It is

pointed out that students today do not have the same opportunities as

earlier managers had in developing "hands-on" management experience.

This experience was achieved through the years as field laborers and

supervisors were promoted in the organizational structure to higher

management positions. With the increased union entry restrictions and

changing managerial and professional patterns, this source of manage-

ment personnel has declined. Few new managers of today possess the

experience that is essential in eliminating the high cost of errors

in decision-making. Teaching tools such as computer simulation and

computer games, although not new ideas (30), are being utilized to

reduce the education gap caused by this lack of available "hands-on"

experience and also the failure of educational courses to adequately

provide up-to-date information concerning large-scale construction

operations.

One such teaching tool, developed for CPM classes by Popescu

(45) at the University of Texas at Austin is in the form of a computer

package called Critical Path Method Training (CPMT). CPMT enables

the student to plan and schedule a construction project on a limited

scale. This actually enables the student to get a better understanding

of the detail involved in a project. Furthermore, it allows him to

make inputs and changes as time "progresses" and to see the results

of his decisions. With almost immediate results of his inputs, an
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improved learning environment is created. Giving a student the oppor-

tunity to "control" a construction project enables the student to get

practical experience without the involvement of costly errors.

Another similar construction management game developed by the

Civil Engineering Systems Laboratory at the University of Illinois

is CONSTRUCTO (30). This offers the student the opportunity to become

familiar with a simulated construction project. The student "player"

is placed in charge of this simulated project. He makes construction

management decisions on the requirements to complete the project.

The computer simulates environmental conditions such as weather, labor,

and economics over a designated period of time. The student then

analyzes the progress reports and expenditures and makes necessary

changes and decisions to keep progress and cost on schedule. The

objective of the game is to complete the project within the time and

cost limitations.

A construction project's success is directly dependent on the

construction manager's skill, judgement, intuition, and experience in

managing a project. Computerized management games can aid in obtaining

these characteristics as well as in providing a better understanding

of computer application.

Summary and Conclusions

It is felt that a better understanding of the computer's develop-

ment, the difficulties encountered in its acceptance, and some achieve-

ments and improvements available to counter these difficulties will
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provide the Air Force construction manager a better perspective and

background to aid in his own recognition and acceptance of the computer.

This chapter traced the development of the computer from its

initial concepts through its four generations to the microcomputer.

When first introduced as a management tool, its implementation and

application were not readily accepted, but were met with skepticism,

high cost factors, and improper management in the computerization

process. The construction industry experienced these same factors

along with an initial overrating of its use with the new scheduling

methods of CPM and PERT. Technological achievements along with the

creation of service bureaus, software centers, and time-sharing have

since significantly decreased the cost of computer usage. Training and

education improvements further aided the acceptance of the computer

and also provided construction management with computerized training

aids to gain valuable construction "experience", not otherwise avail-

able, through simulation and games.

With a greater awareness of these problems and developments,

the Air Force construction manager will be more prepared to implement

computers in the construction management field. Attention can now be

directed to computer applications in that field.

i .4
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CHAPTER III

COMPUTER APPLICATIONS

Computer applications to aid in construction management, espe-

cially in the private sector, have been continually increasing as

computer technology decreases computer cost and more construction firms

are realizing the benefits and advantages that computers offer. Time

and cost savings through computer applications can be realized from

the initial concept phase of a construction project through to the com-

pletion and evaluation of the project. The Air Force construction mana-

ger should understand and be aware of these computer applications and

their benefits in order to utilize the computer to its maximum capabil-

ities.

This chapter discusses applications of the computer for a construc-

tion project in the pre-construction phase, the construction phase,

and the post-construction phase. The pre-construction and post-

construction phase. The pre-construction and post-construction phases

are included only to indicate that the computer can be and has been

used in areas other than the construction phase. To achieve maximum

benefit from the computer's use, the information from one phase is

essential and interrelated to the success of the following phases.

Thus, the construction manager benefits both directly and indirectly

from the use of the computer.

The application of the computer in the planning, scheduling, and

controlling aspects of a construction project is demonstrated through

I
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a basic computer program, ICES PROJECT-I, which typifies those used

by many construction companies today. This program was selected

because it is easy to understand, it is applicable to a practical

construction project, and it was available for actual computer demon-

stration.

There are many variations of software packages (i.e.: computer

programs) used by construction companies, but the basic procedures

involved and schedules produced are similar. It is beyond the

scope of this thesis to provide an in-depth coverage of these other

software packages. A partial listing of some of the many available

computer software centers that provide these computer packages is

listed in Appendix B for the interested reader. Some of the options

available with other programs will be pointed out in this chapter.

No particular program will be selected or rated over others since each

construction company may incorporate variations to satisfy their par-

ticular needs and methods of operation.

Pre-Construction Phase

The use of the computer in the pre-construction phase of the

construction process has been greatly expanded in recent years. The

construction manager is both directly and indirectly affected by these

applications. The use of the computer in areas such as design, quan-

tity take-off, cost estimating, specification development, and contract

documents provide greater accuracy, speed, and standardization, and

ultimately affect the construction process itself.

...... i . ...... , .... .~~~ ~~~~.... ...... . .. . .... Ili l I .. .. . . I -I I " "
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The extent of the involvement of a construction manager in these

areas is discussed by several authors (8, 9, 10, 64). Contract agree-

ments can include the construction manager's services in the early

design stages (the aspect of CM previously mentioned), or only in the

construction process itself. A discussion of these contractual arrange-

ments and services is not included in this study.

Quantity Take-offs

Initial construction planning involves quantity take-offs and

their associated cost estimates. The manual methods of calculating

areas, measuring lengths, and counting items can be greatly expedited

by using quantity calculators (10). Measurements are taken directly

from the drawings by tracing and counting with an electronic stylus or

digitizer automatically calculate quantities. This information is then

transferred to a computer which processes it with a data base that

contains standard specifications and cost data, and computes a cost

estimate.

Cost Estimates

Cost estimates are also considered part of the pre-construction

phase. The construction project must be designed to remain within the

owner's financial limitations which can be accomplished if it is known

in advance what the project will cost.

A rational cost estimate must be developed by the architect, the

engineer, or both before any substantial amount of design has taken

place. The increased speed of calculation by computers allow cost

L A .- _ --- --
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comparisons to be made using different choices of construction methods,

materials, and equipment. Although various computer equipment and

data bases are used by different design agencies, increased efficiency

and savings are the overall result.

Design Selection and Optimization

To optimize a building's design, a data base containing standard

building descriptions for specified spaces and areas and a data base of

cost information are required. The building's design information is

placed on the computer. The spaces and areas as selected are assigned

the corresponding cost data by the computer and an estimated cost is

developed. The building design can be varied on subsequent computer

runs to obtain new estimates. Computer programs have also been written

that minimize costs and maximize areas automatically. This occurs

through the automatic transformation of the given requirements from one

pattern or arrangement to another while comparing the results and then

listing the outcome in a ranking order.

Engineering Calculations

The completed construction design requires many calculations that

are of a routine and repetitious nature. Computer programs have

been written which perform calculations in the structural, mechanical,

electrical, and civil engineering aspects of design. A survey com-

pleted by the Department of Architectural Engineering at The

Pennsylvania State University lists hundreds of programs used by archi-

tectural engineering and design firms throughout the United States (20).

I'
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Much time is saved with rapid computer calculations of problems such

as heat gain-loss in mechanical design, room illumination in electrical

design.

Specifications

The preparation of specifications is another time consuming, yet

very important part of the pre-construction phase. Specifications are

the criteria that determine the construction concepts and materials

required to obtain the desired quality and durability of the project.

To computerize specifications, a data base is again essential.

A library of "standard" architectural and engineering specifi-

cations must first be developed and stored in the computer's memory

system. Designers can then recall specifications, omit portions of

them, or add new specifications and have copies printed for distribution

with the contract drawings. Neglecting human oversight, the results

are concise and accurate specifications produced in a minimum time.

Contract Documents

Contract documents can be stored and printed in much the same

manner as specifications. This results in standardization of format

and a savings in time and typing. Although the documents will be cler-

ically error-free, the accuracy of the contents still depends on the

competence and thoroughness of the architect-engineer.

Computerized Packages

Many computer companies are offering complete computerized

packages for the architect-engineer (A-E) office. With the advent of
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the minicomputer, interactive computer-aided drafting and design have

become accessible to the A-E firms (18, 34, 62). From a central

"working station", the engineer-designer-draftsman has access to the

computer hardware required to aid him in the complete process of

conception to the actual preparation of the documents. The equipment

includes digitizers, plotters, keyboards, the central processing unit,

and a visual screen. The preliminary sketch or drawing of a design

can be placed on the digitizer. The user can manipulate the computer

to instantly display the design in two or three dimensions. Zooming,

rotating, erasing, tracing, enlarging, and printing are operations that

are available through simple keyboard commands and through a hand-held

stylus pen. Drawings can be finalized in a few hours through computer

graphics, compared to days required by manual drafting. Changes can

be instantaneously made to all drawings through a single input.

An additional benefit is achieved because of improved communi-

cations in construction management. Through telephone networks and

micro-wave networks, a remote video communication of the design and

drawings is possible. Changes and inputs which are instantly reflected

can provide accurate up-to-date management information. Problems in

the field on design-construct projects can be transmitted directly

to the designer's office for evaluation and correction.

It is concluded that the computer is a vital tool during the

initial design and preparation phases of a construction project. The

construction manager's further application of the computer in the

planning, scheduling, and controlling of the construction phase is

demonstrated in the following section.
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Construction Phase

The construction phase begins with the initial planning and

scheduling of the work activities and the cost budget on a project.

The controlling phase follows to insure that the schedule and cost

projections are followed with a minimum of variation. These phases

can be greatly expedited by the application of the computer. It

appears that most contractors or large, complex, construction projects

utilize the computer to some degree, even if only to plan the initial

construction schedule.

The basis of computerized construction schedules is a network

of interrelated and interdependent work "activities" that form the

chain of events required to construct a project. The longest single

time path from project start to project finish is the critical path.

The critical path method (CPM) is the process of calculating the cri-

tical path which determines the time required for the construction pro-

cess.

The calculations required in determining the critical path basi-

cally involve addition and subtraction, but when these operations total

several thousand for even a small project, the tasks become very tedious,

time-consuming and error prone. The additional manipulation and sort-

ing of the volumes of information that a computer can provide, make

it an excellent management tool on a construction project.

Planning and Scheduling

To utilize a construction management computer program, the

construction manager must possess a basic knowledge of CPM scheduling and
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network diagramming techniques, and then be able to incorporate this

with his knowledge and ability in construction management operations.

Although he must understand the computer program's input/output

commands, he is not, however, required to possess an in-depth knowledge

of computer programming details or of computer internal operations.

With a knowledge of these commands, he will be capable of using the

computer to store, compute, select, and display the information of his

project network. It should be pointed out that the computer does not

plan the project. It is a management tool to aid the construction

manager in planning and controlling the project by providing more

information in a visual output form for a better understanding of

problem areas.

Initial Planning. The initial project plan is very critical to

the success of a project's timely and cost-efficient completion. As

discussed by Allen (1), planning is the basis for successful management

action. It is also the most difficult and time-consuming part of a

project. Through the repetitious process involved in deriving a satis-

factory schedule, the manager becomes thoroughly familiar with each

activity. This is one of the benefits of developing a CPM schedule.

Many decisions must be made in this planning process such as selecting

the methods of construction, sequence of activities, and equipment and

manpower resource to be utilized.

The initial project activity network is entered into the computer

in any order through "store" commands. The number of activities
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permitted is basically dependent on the capacity of the computer hard-

ware. Activities can usually be added, deleted, or modified as the

schedule is improved and changed.

Most construction planning schedules will list each activity and

its duration, calculated early start, late start, early finish, late

finish, free float, and total float. The construction manager can

utilize this information to make changes and modifications in order

to create a more efficient schedule.

Initial planning reviews may indicate that time constraints

such as completion dates and milestone time requirements can cause

scheduling problems. If these constraints cannot be changed suffi-

ciently to permit a workable schedule, other time reduction methods

such as "time compression" or "time-cost trade-offs" are possible.

After each set of changes are made in the schedule, another computer

run is necessary to recalculate the schedule and critical path. With

each schedule revision, the construction manager gains additional

knowledge about his project that will aid him throughout the construc-

tion process.

Manual calculation of each revised schedule is a very tedious

and time-consuming process which is also subject to error. New start,

finish, and float times for each activity are required to determine if

the critical path has changed.

Resource Scheduling. A primary factor in planning a construction

schedule is in the assignment of the basic resources of manpower,

equipment, and materials to the activities. This assignment requires

the construction manager's experience and judgement, combined with the
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availability of these resources. In addition, resource costs can be

projected to provide data for a cash flow analysis which is essential

for fund scheduling purposes. The availability of funds must be coor-

dinated to coincide with the requirement for resource financing.

The construction manager's purpose in resource scheduling is to

keep work production at an efficient and steady rate. Since this

requires coordination with the field superintendent and supervisors

during actual construction, the construction manager should request

their assistance in developing the construction schedule.

The initial determination of the resource requirements for each

activity Is only a beginning step in resource planning. Numerous tabu-

lations and schedules are required for analysis before the final sche-

dule is derived. These can be manually calculated and portrayed on

charts and graphs, but the scheduling manipulation and presentations

required to adequately accumulate this information for planning pur-

poses can be very time-consuming and inefficient. The computer can be

a valuable aid in resource planning.

Computer programs are available that provide resource leveling

where demands exceed supplies by automatically rescheduling the

activities and providing the construction manager with many alterna-

tive schedules for evaluation. Some programs will consider all affected

resources simultaneously while others only have the capacity to consider

one resource category at a time. These automatic programs result in

additional cost and less involvement by the construction manager, but

at times are a necessity.
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The computer program utilized and selected by a construction

company may have several options or only a few. The objective of

planning and scheduling is to obtain an accurate, workable, and effi-

cient schedule based on the resources and information available. The

computer offers the speed, flexibility, and accuracy to perform the

many calculations and manipulations of data necessary to provide this

schedule.

Expediting. When a project falls behind schedule, expediting the

remainder of the activities is a scheduling procedure used to bring the

project back on schedule with a minimum cost increase. This is a "time-

cost trade-off" in which the construction manager must determine which

activities on the critical path will have the least cost increase with

a decrease in their scheduled duration period. The total additional

costs will be determined by the extent of the expediting required and

the sequence in which the activities are expedited.

An activity can be (although not always required) expedited

only to a maximum "crash point" which is determined by the physical

limitations of the activity (i.e.: available manpower or machinery,

shifts per day, working space, etc). Those activities on the critical

path with the lowest daily cost increases are usually expedited first.

After each process of expediting, a new schedule is required to

determine if the critical path has changed, since this could change

the sequence of the expediting process.

Computer programs that include the capability to automatically

"expedite" or "crash" a project network are available in various levels
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or stages of automation. These levels permit expediting to be accom-

plished with varying degrees of construction manager input. As with

resource scheduling, disadvantage of the increased automation is that

the construction manager does not gain the intimate knowledge of the

construction schedule since he does not work with it on a repetitive

and detailed basis. Increased automation also requires a larger

computer, which could mean additional costs above any cost savings

attained by its use.

Controlling

Controlling a construction project with the aid of a computer

involves updating the network schedule as the progress is completed

and changes are required. The updated schedule then becomes the pri-

mary schedule to be used in making management decisions until subse-

quent progress requires the schedule to be updated again. This cycle

continues throughout the work progress. As has been pointed out, the

advantage of computer applications in controlling is the rapid and

accurate updating of the information required to compute the construc-

tion schedule (2, 38).

The construction schedule, as planned in the previous section,

should be accurate and free of conflicts. Schedule changes, however,

are inevitable since construction is an ever-changing and variable

process that is easily affected by such things as weather, labor strikes,

procurement delays, inaccurate estimatef, and equipment breakdowns.

The construction manager's responsibility is to insure that these

changes have a minimum effect on the construction process. Clough (8)
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lists four actions to aid in this process:

1. Report and record job progress,

2. Compare work actually accomplished with that planned,

3. Take appropriate action to correct schedule slippages, and

4. Update schedule of work yet to be done.

Computer programs provide a management tool to aid the construction

manager in accomplishing these actions. The following section pro-

vides a discussion and demonstration of how a basic computer program,

Integrated Civil Engineering Systems (ICES) PROJECT-I (19), can be

utilized as a management tool in the planning, scheduling, ahd con-

trolling of a construction project.

ICES PROJECT-I p

ICES PROJECT-I (for PROJect Engineering ConTrol) is a computer

program developed between 1965 and 1968 at the Massachusetts Institute

of Technology Civil Engineering Systems Laboratory (19). Its purpose

is to assist in the planning and control of projects that can be dis-

played through a network representation of its activities.

Constraints. PROJECT-I can be based on either actual calendar

dates or work day numbers or both. As in most construction operations,

there are external scheduling restraints such as holidays and non-

working days. Constraints may be required by the owner such as start-

ing and comple'tion dates or milestone event dates. These and other

scheduling decisions by the contractor such as seasonal work slow-downs

and long-lead-time item delivery dates can be incorporated into the
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program through "constraint" commands before the PROJECT-I schedule

is produced.

Network Representations. PROJECT-I is capable of processing

three types of network representations; activity-on-node, activity-on-

arrow, and event-oriented activity. Some programs are limited to the

one which is most commonly used, that of activity-on-arrow. Construc-

tion contractors and managers may have their own preference in design-

ing their networks for project planning.

The activity network is first entered into the computer.

PROJECT-I uses standard "store" commands and is limited in the number

of activities only to a practical network size depending on the com-

puter's limitations. The format of PROJECT-I permits each activity

to be assigned an activity code for referencing and selective recall,

the estimated activity code for referencing and selective recall, the

estimated activity cost value and duration, and the identifying acti-

vity number and description. Changes and modifications can be made

at any time.

An Example Project. For purposes of demonstrating PROJECT-I's

computer output, a portion of a construction project has been developed

using hypothetical cost and construction information. The activities

selected are those that interface the mechanical construction (i.e.:

plumbing, electrical, heating, ventilating, and air conditioning) with

its building envelope construction (i.e.: concrete slab, masonry walls,

steelwork). The structure, which was completed prior to this writing,
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is the Intramural Building at The Pennsylvania State University,

University Park campus. Activity-on-arrow network representation is

used.

It is not the intent to develop a completed construction pro-

ject CPM schedule. The activities are selected to show a simplified,

yet logical, sequence of events that illustrate some of the output of

the computer program, PROJECT-I. (The computer output figures dis-

cussed in this chapter can be found in Appendix A). Other activities

have been assumed to precede and to follow those identified and dis-

played in the referenced figures. Although the reader is not required

to understand the reasoning for the activity sequences as indicated, a

CPM arrow diagram is also shown in Figure 1 for the reader's reference.

Activity Planning Schedule. An Activity Schedule that can be

used for planning purposes (Figure 2) lists the activity durations, the

computer-calculated start and finish times, and the corresponding float

times. A bar chart portraying this same information in graphical, time-

scaled form is also available (Figure 3). The annotations shown in

the computer output figures will be discussed later.

If constraints such as completion dates or milestone time require-

ments are included in the schedule, it would be possible to have nega-

tive float times. These would then appear on the Activity Schedule. A

negative sign would indicate that the time allowed between the project

start data and the activity involved is insufficient under the present

schedule. The project could not be completed on time, and schedule

changes would therefore be necessary. Increasing productivity for the

activity, revising activity sequences, revising internal time constraints,
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or obtaining a project extension are some possible solutions available

to the construction manager.

There may be situations even when planning a schedule that

expediting, as earlier described, is required to determine a schedule

that meets a completion deadline or maximizes the profit. With

PROJECT-I, the computer can calculate the new scehdule, but the

construction manager must determine the cost factors and the activity

expediting sequence. (PROJECT-I is not considered to be a very highly

automated program in regard to expediting or resource scheduling).

Costs and Resource Planning. PROJECT-I provides a direct relation-

ship of the costs and resources for each activity to aid in the schedul-

ing and planning process. A resource library and cost assignments

provide the basis for comparisons and calculations.

The resource library, initially stored in the computer, contains

each available resource's description, reference number, category, and

unit of measure. Additions, deletions, or modifications of data, can be

made at any time. PROJECT-I's programmed resource categories include

"labor", "material", "equipment", and "subcontractors", with a separate

category 'or "unspecified" resources.

Costs can be assigned through the resource assignment command, or

through the initial activity entry previously mentioned. The resource

assignment method is based on cost per unit, while the initial entry

method is based on total activity cost. The resource assignment

method offers greater flexibility since a change in quantity of units

required also changes the activity costs automatically.
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Once the library is defined, the required resources, categories,

and quantities are assigned to the appropriate activities. The com-

puter analyzes and compares these requirements with the library and

performs the necessary calculations for the scheduling and planning

reports.

Resource Reports. To utilize this information as a resource

planning aid, PROJECT-I makes several resource reports available.

These reports enable the project manager to consider problems of

resource utilization rates. A multiple listing of any specified num-

ber of resources on any time basis requested allows a comparative

view of the required resources. Figure 4 is an example of a multiple

listing of manpower resources on a daily basis. A single listing of

this information is available with options that provide an additional

listing of the usage and cost on a cumulative basis. Graphs of the

resource information are also available, but are not shown in this

thesis.

The resources can be displayed as a list of the resources

required for each activity, or as a list of the activities included in

each resource category. Figures 5 and 6, respectively, portray exam-

ples of these printouts of the manpower application to the demonstration

project.

By studying the various resource schedules, the construction

manager can quickly determine any resource requirement peaks or valleys

which could become "trouble spots." As an example, a resource leveling

problem of the demonstration project is analyzed. Figure 4 shows a

daily, multiple resource listing of the skilled labor assignments of
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the sample project. As pointed out by the arrows and circles, column

two shows that 35 masons are required for the project on day seven.

The requirement increases to 54 masons on day eight and decreases to

40 masons on day ten. Obviously the construction manager would not

hire 19 more masons for two days and then lay 14 of them off. This

does not generate good labor relations and unions generally do not

allow this.

The construction manager can utilize his computer output to

quickly determine what steps must be taken. By referring to his

activity planning bar chart (Figure 3), he can denote which activities

require masons on days eight and nine (see annotated activities). If

it is not apparent by the activity description if masons are required,

it can be quickly confirmed by examining Figure 6, the resource alloca-

tion list.

Activity 70 120 (MASONRY HBC EAST), which is scheduled to begin

on day eight, is the reason for the increase in the mason requirement.

Figures 2 and 3 indicate that float time is available for activity

70 120, thus the activity could be delayed until masons are freed from

other activities. The reduction in manpower requirements noted on

days twelve and fifteen (see Figure 4) would allow the manpower to be

shifted to activity 70 120 at that time. Another solution would be

to extend all the concurring activities not on or affecting the criti-

cal path by dividing the manpower between the activities. If the other

activities were on the critical path and additional manpower was not

available, rescheduling or overtime would be required.
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Instances where "gaps" or "valleys" occur in the manpower require-

ments over short periods of time do not create a critical problem.

"Filler" activities can be accomplished to maintain productivity and

eliminate unnecessary layoffs and rehiring. If the manpower available

is excessive, adjustments in resources or activity times can be made,

and the computer then calculates the new schedules. The planning cycle

continues until a final workable and efficient schedule is derived.

Activity Working Schedule. PROJECT-I continues to aid the con-

struction manager in achieving the successful completion of the con-

struction project after the planning phase. The PROJECT-I activity

working schedule (Figure 7) is designed to be used during the actual

construction process. Activity progress dates can be manually recorded

in the columns provided (see arrows). These field-entered data should

then be transferred into the computer on a periodic basis and thus,

will be reflected on the subsequent updated working schedule. A

comparison check with the manual records will insure that the pro-

gress is reported accurately. Since it is also reflected on all other

reports, upper level management will then be assured of accurate up-to-

date information.

Working Bar Chart. A working bar chart, shown in Figure 8, pro-

vides a graphic representation of the activity working schedule.

This chart and the working schedule can be based on any activity

start dates which are requested. Graphs and activity schedules to be

used by field personnel are usually based on early start times.
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Activities shown on the bar chart and activity schedule will then

indicate only the early finish times, thus, advocating an early pro-

ject completion.

Computer reports at the construction field level should be kept

to a minimum. The superintendent needs only the pertinent information

about the schedule to maintain satisfactory progress, such as the acti-

vity working schedule, working bar chart, and a progress summary which

includes overdue or late activities.

Progress Summary Reports. PROJECT-I also provides progress and

cost analysis through summary and status reports. Progress summary

reports consist of the progress analysis of the total project and a

cost analysis of the activities included in the report. A sample pro-

gress and cost analysis summary is shown in Figure 9.

The progress analysis provides information concerning days

worked, duration times, and percentages of planned time and deviations.

For the example project, as of 2 November, 24 of the 75 scheduled work

days have passed. Based on the reported progress, a revised duration

figure of 63 days is now possible. This indicates that the project

is 12 days ahead of schedule which is equivalent to the 16 percent

deviation. With normal operations, the work should be completed after

30 more work days.

The cost analysis provides total reported and estimated cost

figures and any cost deviations. Here Figure 9 indicates that the

sample project has total reported costs of $138,891. The estimated

costs by day 24 were $144,545 which means the costs are $5,653 or

four percent under the estimated costs. Based on the reported
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data, the project completion is expected to cost $2,964 less than the

estimated total cost of $392,355.

The percentages of cost and progress can also be compared and

analyzed. With 32.0 percent of the planned time used, 38.1 percent of

the progress has been accomplished. The difference is equivalent to

the 12 day deviation in the schedule. Similarly the cost savings can

be further analyzed. While 35.4 percent of the estimated total costs

have been used, 38.1 percent of the progress has been accomplished,

thus a savings in costs.

From these reports, management can readily determine the econo-

mic status of the construction project. If deviations in cost or time

are adverse to scheduled progress, the construction manager can examine

the activity progress or status reports to determine the individual

activity or activities involved.

Progress Status Reports. These reports provide a breakdown of

activities and events into several categories; completed activities,

activities in progress, and activities overdue to start. Activities

in progress are further divided into those that are expected to be

completed on schedule and those that are expected to be completed late.

Figure 10 indicates a sample status report of completed activi-

ties. The deviation columns (see arrows) of the finish times, durations,

and costs indicate which activities were over or under their estimated

budgets and time schedules. Excessive lateness can be noted for

review to possibly alleviate a similar problem in a recurring activity

or on another project.
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Activities expected to finish on or before the planned schedule

are listed in the sample report in Figure 11. This information shows

the actual start times and expected finish times based on the expected

duration. The percentages of completion time and cost are percentages

calculated as the elapsed time or cost divided by the total time or

cost. For example, activity 130 290 DUCTWORK WEST BSHT, shows 56

percent of the time elapsed while using 52 percent of the estimated

costs. The total days elapsed, report day minus start day plus one

for inclusion of the report day (24-10+1), equals 15. Elapsed time

divided by duration time (15/27) equals 56 percent. Similarly, the

actual costs to date divided by the total estimated costs (8400/16,264)

equals 52 percent.

The new expected total cost figures are based on continuing the

work at the present rate. If 56 percent of the time is represented

by $8,400 of the cost, then 100 percent of the project time would be

represented by $15,120. The difference between this and the original

estimated total cost ($16,264) is indicated as the deviation of

$1,144 or seven percent under costs. Although this is only an esti-

mate and will change as the actual progress changes, it can still be

used as a guideline by the construction manager in his management

decisions. The construction manager will direct his attention to

those items which are "over cost" in an attempt to bring them back

on schedule.

Figure 12 shows activities in progress that are expected to

finish behind schedule. The format and basis for calculations are the

same as discussed for Figure 11. The construction manager and the
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superintendent should both receive this report. When several acti-

vities are behind schedule, the computer printout will indicate which

activities are more critical and should receive priority in attention.

A "C" in front of the activity indicates an activity on the critical

path. A "+' indicates an originally non-critical activity that is

now critical. A "*" designates that the activity has surpassed its

available float time and will extend the project unless changes are

made. A project that is in the last class and also "aver cost" should,

naturally, receive the greatest attention.

Activities that have not begun and are past their scheduled

start times are probably the most critical unless excessive float

times are available. Once activities begin falling behind schedule,

a domino effect can result. Figure 13 is an example of this category

of activity report. Scheduled starts and completions are provided

with a space (see arrow) for manually posting the expected times as

reported from the field.

These late and overdue activity schedules point out problems or

potential problem areas as they appear. Manual recording of similar

reports will not provide the speed or accuracy to determine this. Thus,

"insight" is rapidly gained through computer reports, and problems can

receive the required attention before they get "out-of-hand."

When activites are delayed, schedule updates are required to

determine the effect on future activities. A new start date which

reflects the present time will be required. PROJECT-I does not offer

an automatic update of the network schedule, but this can be accomp-

lished through the initial "store" commands used in the planning

phase. More complex and larger programs do offer this capability.
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Predicted Status Report. PROJECT-I offers another basic report

that the field and construction managers should find beneficial for

future work planning. Although an example is not available, the pre-

dicted status report can be very helpful to the construction manager.

The computer lists the activities in three categories: those that

must be started, those that may be started, and those that must be

completed. The reference time for the report can be a given data or

a time interval as provided by the construction manager.

When the report is based on a single reference data, all

activities except those that may not be started will be listed. To

avoid a printout of excessive information, a "look-ahead" interval

basis will permit only those activities that fall within the stated

interval to be categorized and listed.

Flexibility in Options. PROJECT-I contains multiple output

options which can aid the project manager in cost and resource planning

and in cost and progress control. Most all reports or schedules can

be requested based on a selection of activities desired or a sorting

of activities according to the construction manager's needs. This

flexibility provides additional management "control by exception" to

the required activities and are exceptionally beneficial when the pro-

ject network consists of hundreds of activities. Much redundant infor-

mation can also be eliminated and computer printout costs decreased

through this flexibility.
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Post-Construction Phase

The post-construction phase of a project can be the most impor-

tant aspect to the success of a project management system. The future

of a construction company depends on the degree of importance placed

on the post-construction requirements by the company's management.

This phase involves the total review and evaluation of the complete

project.

Project Results

Everything that goes into a project has a result which can often

be measured against a pre-set goal. A comparative analysis of the

results and the goals determines the changes required and the steps

that must be taken to insure that future construction projects will

be equally or more successful. A project with poor results and many

problems can offer just as much valuable information as one with a

high return of economic gains or with few or no difficulties.

Analysis and Feedback

The information obtained from a project can be stored in a

computer data base. This is the data base used in the pre-construction

phase, previously discussed, to estimate and plan a project. If the

computer was utilized in the construction process, the project infor-

mation and actual work schedule can be rapidly recalled for review.

Actual duration dates, costs, and manpower and equipment usage can be

compared to the original project estimations.
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The results of the comparison can then be analyzed to provide a

basic training tool which will allow learning from experience to take

place. Problem areas can be studied and changes made in methods of

construction or management procedures to alleviate future recurrences.

Cost data and productivity rates can be added to the data base to

provide accurate updates for future planning.

In some of the more sophisticated computerized management programs,

this updating of the data base is accomplished automatically with each

progress report. This provides an immediate feedback for other pro-

jects in the planning phases.

The construction cycle is a continuous process from the pre-

construction phase through to the post-construction phase and then

back to pre-construction phase. Sometimes there is an overlap and

sometimes a time gap, but feedback is essential to continue this

cycle. The computer provides the communication and management tool

to aid its efficient continuation.

Summary and Conclusions

The computer can be a vital tool to the construction manager

from the pre-construction to the post-construction phases of a con-

struction project. The complexity of projects has required that

greater quantities of information be analyzed, manipulated, and sorted

throughout the construction process.

The pre-construction phase offers many opportunities for the com-

puter to aid in the engineering and architectural design. The process
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of preparing contract bids involving quantity take-offs and estimates

can be more accurately and rapidly accomplished with the computer. The

contract documents and drawings can be printed more economically and

with greater standardization.

The construction phase consists of the planning, scheduling, and

controlling of a project. Through the application of computer programs,

the decisions involved in planning and scheduling the construction

activities can be made with greater accuracy. A thorough knowledge of

the relationships of the many construction work activities is gained

through this decision-making process, which in turn aids the construc-

tion manager throughout the controlling of the project.

Resource planning is vital to the planning of a schedule. The

availability of the men, equipment, and material necessary for a con-

struction project must be considered in the sequencing and scheduling

of activities. Manpower leveling and scheduling can be computer aided

or totally accomplisjed through computer applications and programs.

In progress and cost control, the construction manager can

request computerized cost and progress reports to meet his management

needs. When the actual times and costs are compared to those estimated,

the construction manager can determine the status of his project. The

computer enables him to quickly pinpoint those activities that are

behind schedule and taose where the expenses are excessive.

PROJECT-I is an example of a typical computer program used by

construction companies to aid in the construction management decision-

making. The program is a simplified, basic, network-oriented, con-

struction management tool primarily for planning, scheduling, and con-

!rolllng a construction project.
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The post-construction phase is a vital link in a construction

project management system. The emphasis placed on the analysis and

feedback of a completed project's results can determine the success of

a construction company. The computer is an efficient and rapid manage-

ment tool that provides the means to accomplish this phase.

I
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CHAPTER IV

AIR FORCE CONSTRUCTION MANAGEMENT

Background

The major portion of the Air Force construction projects are

acquired through civilian contracts. Although the contractor is

responsible for the project's completion through contractual agree-

ments, the Air Force construction manager is ultimately responsible

to coordinate the timely completion and acquisition of the project

to meet the user's requirements with emphasis on quality and costs.

His direct obligations are to ensure that the project is constructed

as specified in the contractual agreements. Basic management prac-

tices and knowledge are essential to both the public manager and the

private manager. Their ultimate goals are similar, but differences

occur in the conditions and limitations of their work.

Financial Accountability

The private construction manager is usually the single focal

point of the construction process for his company. He coordinates,

directs, and expedites the construction process and the dealings with

other organizations involved. He generally has a broad authority and

freedom over the decisions affecting his project (8), while his pri-

mary attention is directed toward maximizing the profits for his company.

The Air Force construction manager, although responsible for the

project, may or may not (as explained later) be the single focal point
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in the construction process. He is also subject to a very large, com-

plex, governmental structure whose organization has many lines of

control. Project funding approval is essentially at the highest or

Congressional level, but this approval may be even further limited as

it is reviewed by a system of shared power in the structured organiza-

tion. The policy governing these decisions is based on public interests

and a limitation of resources. With this outlook on funding, the pub-

lic construction manager, as a representative of the government, must

pay vital attention to the accountability of funds rather than to a

maximization of profit. It is in this aspect that the computer can

provide the means for tighter control and for a more efficient means

of tracking the construction progress, which in turn can also provide

the required financial accountability.

Rules, Regulations, and Decision-Making

Air Force construction management is based on many rules and

regulations which are defined in documents such as Air Force Regula-

tions 88-3 (56), 88-18 (57), and 89-1 (59). These and many others

that reference construction management aspects can be obtained from

most Air Force Base technical libraries and document procurement

sections. A complete listing of all applicable manuals can be found

in Air Force Regulation 0-2 (60), which is also available through the

same sources. Additional instructions that provide the guidelines

for the Air Force construction manager are established to satisfy each

project.

I i ll . . . . -... - . . . ... i . .. ... . . .. " 
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The individual decisiveness and risk-taking, associated with the

private construction manager, is quite limited or non-existent for

the Air Force construction manager (4). Many decisions, especially at

the planning and direction level, often involve negotiations and

meetings with numerous individuals from various organizations. This

has a significant effect on the Air Force manager's abilities and often-

times requires patience, reasoning, and persuasive tactics to arrive

at a decision. For these meetings the Air Force construction manager

must utilize concise, clear, and simplified reports concerning the

construction project to more efficiently resolve questions and con-

flicts in the decision-making process. The computer has the capa-

bility to provide these reports with the speed and accuracy that will

allow the Air Force construction manager more time to prepare meaning-

ful and concise presentations to benefit all the organizations

involved.

Coordination

Air Force construction can vary from runway repair to housing

developments to space shuttle launch facilities. The coordination

and knowledge required for the different types of projects varies

tremendously. The Air Force construction manager must familiarize

himself with all facets of each project. He is responsible for

coordinating the requirements of the representatives from the con-

tracting agency, the contractors, the designers, the tenant command

who will be utilizing the facility or project, and the host command

who is acquiring the physical structure.
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With the magnitude and diversified agency interest in most pro-

jects, it is absolutely necessary to have an organized means for coor-

dination and communication. These agencies must be kept informed on

an accurate, timely, and continuing basis of the status of the project,

the existing and potential problems, and the status of change orders

in order to efficiently and effectively manage the project and control

cost growth.

Construction Management System

Unlike the private construction manager, the Air Force construc-

tion manager's responsibilities extend beyond the normal construction

project operations. It appears that the Air Force construction manager

must be a specialist in many areas or have an exceptional ability to be

able to comprehend and master the total aspect of his responsibilities.

Since he controls the project primarily through his surveillance

responsibilities 1 , he needs a management system that can accurately

and quickly enable the pertinent surveillance reports and information

to be sorted and meaningfully presented.

A primary management tool available to aid in these duties and

also be the focal center of a good management system is the computer.

Although the Air Force construction manager does use the computer in

this management system to some extent, this writer feels there should

1Major Peter LoPresti, Chief, Military Construction Division, Air
Force Regional Civil Engineer/Central Region, in a telephone interview,
November 22, 1978.
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be increased computer utilization and necessary and mandatory improve-

ments in its application.

Computers and Air Force Construction Management

This section discusses some reasons why knowledge of computer

benefits and their applications to Air Force construction management

are important. Possible applications of computers are examined as

they apply to three levels of construction management organizations.

The extent of each application is based on the scope and size of the

project. Examples of actual instances are given where an Air Force

construction manager's computer background and knowledge did result

in the procurement and use of the computer, thus saving time and effort.

It appears that if more Air Force construction managers under-

stood the advantages available through the application of computers

in construction management, there would be greater emphasis placed

on its utilization. This writer feels that there are two major reasons

for the Air Force construction manager to know more about computers.

One reason is to make him capable of analyzing and understanding

the contractor's CPM reports and knowledgeable to provide direction on

the content and format of desired reports. The second reasons is to

provide the Air Force construction manager the background for possible

direct use of computers either on a time sharing basis or through use

of the local Air Force Base's computer system, when it is available.

Computer Application

Computer application in Air Force construction management has

not received the emphasis that it has in other Air Force operations.
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The Air Force has been a major user of computers in the standard usage

areas such as logistics, inventory control, payroll and finance, and

general record keeping. It has also been a leader of computer applica-

tions in areas such as weapons systems, missile and satellite tracking.

scientific research in materials, weather observation, and communi-

cations in our national defense. In fact, the strategic defense of

our nation is extremely dependent on a multiple, integrated layer of

computer systems.

Recent research using computers is being conducted by the Air

Force Civil Engineers in a study of environmental control, air pollu-

tion, and energy conservation. Systems are also presently being

installed in selected Air Force facilities that provide total energy

monitoring and control through a computerized system.2 These examples

are merely indications of the total application of computers in the

Air Force.

Contracting Agent's Input. The Air Force construction management

program does not share this acceptance and application of the computer.

It appears that the major reason for this has been the fact that the

COE and NAFAC, acting as the contracting agent, do make a provision for

requiring computerized network scheduling by the contractor "if" it

is felt that the government can benefit by its use.

2
Captain Charles D. Sprick, Resident Air Force Regional Civil

Engineer, Lackland Air Force Base, Texas, in a telephone interview,
November 22, 1978.
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This "if" is related to the complexity of the project as deter-

mined by the number and interrelation of activities, volume and nature

of work, geographical location, and time requirements for completion.

Relating this to a dollar volume, the COE considers a construction

project exceeding $300,000 as "usually sufficiently complex to benefit

from management by network analysis system," while construction projects

over $500,000 can be accomplished "more economically and more effi-

ciently" if computers are used for the mathematical analysis in the

network printouts (6).

With the Army and the Navy providing the contracting services and

establishing the criteria for computerized network scheduling, it is

essential to question whether there is any actual requirement that

increased computer knowledge and background be made available to Air

Force construction managers. Is there a need for increased training

and education in computer applications for the Air Force construction

manager and is there a need for the advanced use of computers in Air

Force construction management?

Air Force Phase IV. One aspect that must be considered before

these questions and statements can be discussed is that the Air Force

has accepted bids (December 1978) for the largest, single acquisition

of computers. This is considered Phase IV of the Air Force's computer-

ized system. The purpose is to extend automated data processing

support to the base-level users by the year 2000 (27), which would

appear to indicate that by the year 2000 the Air Force construction

manager could possibly have access to the computer on a regular basis.

Obviously, this does not relieve the present situation, but it does
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show that there is concern and some action is being taken. It is up

to the individual construction managers and supervisors to take

advantage of whatever situations they can.

Computer Application Consensus

Based on personal experience, telephone interviews, and personal

interviews with Air Force construction managers who are or have been

working "first-hand" in the Air Force construction management field,

a consensus concerning computers is: the situations where computers

can be applied as a management tool do exist in the Air Force con-

struction field, the interest and basic intuition are present, and the

junior managers or young engineers out of college have had the computer

orientation, but have not experienced practical application situations.

It is also felt that the opportunity to use a computer is

currently non-existent, especially at the base level because computers

are either not physically available or computer time is not permitted

for use by the Air Force construction manager. Another drawback to

the lack of computer application is that a number of senior construc-

tion management personnel have not had the opportunity to receive

training similar to that of the young engineers. Thus, they tend

to use traditional manual methods and are reluctant to accept or

seek the aid of the computer in their work.

As with most consensus and viewpoints, there are exceptions. In

this case, the exceptions only strengthen the position advocating

increased knowledge and application of computers. These exceptions
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demonstrate the possibilities that exist if the desire, knowledge, and

need are present. Some of these occurrences are discussed as they

pertain to the various levels of Air Force construction management.

Organizational Levels

The management organization in the civilian contractual arrange-

ments on Air Force construction projects can have several levels

depending on the size and requirements of the project. Figure 14

shows the simplified management lines of communication used for small

projects. The Air Force construction manager acts as the agent and

coordinator of the entire project with direct communication with the

contractor.

Figure 15 shows the inclusion of the contracting agent as a separ-

ate level, with the Air Force construction manager overseeing the

agent and coordinating the overall project requirements. In this case,

the Air Force construction manager is a step removed from direct con-

tact with the contractor, but remains the focal point for other coor-

dinating activities.

Figure 16 shows a variation that exists on certain projects

where a large degree of technical coordination of the user's activi-

ties and equipment is required. Such is the case in the multi-million

dollar expansion and renovation of the Wilford Hall Medical Center at

Lackland Air Force Base, Texas. A separate construction management

division is necessary to coordinate the user's requirements. It is

noted that Figures 14, 15, and 16 represent very simplified charts of
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field level management. There are several other regional and district

control levels that are typical of government organization which are

not shown.

The type of organization requirpd on a project is largely depen-

dent on its size, dollar volume, and complexity. The simplest form

is usually that used at the base-level for small construction projects

such as small housing developments, runway construction, or recreation

facilities. The other two types might be used for large projects such

as large housing developments, administrative complexes, hospital

expansions, or space shuttle system facilities.

Small Construction Projects

On small projects, the Air Force construction manager is the

direct line of communication and focal point of the entire project

(see Figure 14). Because the project is small and not complex, he

must also perform the additional functions of the contracting agent.

This requires a more intimate contact with the construction process

and the contractors.

Contractor/Construction Manager Relationship. Although the actual

planning and scheduling of the construction process is accomplished by

the contractor, the Air Force construction manager must aid the con-

tractor by determining and coordinating the Air Force requirements.

He can also specify the type of plan and schedules that would aid in

accomplishing these requirements. Using these schedules, he can

coordinate requirements such as disruptions to traffic flow, elimina-

tion of parking or access routes, and occupancy of transition moves

with the related agencies.
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During the actual construction, the Air Force construction

manager maintains direct contact at the field management level to insure

that the final product will be in accordance with the contract provisions.

His total responsibilities remain as previously discussed.

The'conscientious and aspiring Air Force construction manager will

endeavor to be familiar with every aspect of the project under his

direction. By keeping "on top" of his project, he cannot only guide

it toward its satisfactory completion, but can also possibly make

additional time-saving and valuable cost-effective inputs. His know-

ledge of the project and managerial effectiveness will depend on

the information available to him and the personal inspections made

by him.

Progress Reports and Computers. On the smaller projects, the con-

tractor may be using traditional manual methods of progress reporting

and updating. The Air Force construction manager should be, therefore,

thoroughly familiar with such management tools as the Gantt chart,

precedence schedule, and CPM network diagrams. These traditional

methods of progress control also provide a basis for computer program

applications.

The construction contract should state when and if a computer-

ized network schedule is required. The Air Force construction manager

must determine this by analyzing his project's complexity together

with the benefits obtained by utilizing the computer. To accomplish

this, he must first be aware of the benefits and capabilities of the

computer in construction programs.
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It should be noted that it is possible to "over-manage" a pro-

ject. Too many reports and too much redundant information can have

a detrimental effect on management comprehension and decision-making.

A problem can also occur when a computerized network schedule is required

and the contractor does not utilize the computer for other than a

monthly report or the contractor does not have experience in computer

applications. This defeats the purpose of the computer, causes

added expense and duplication of work, and can result in insufficient

or incorrect information.

Construction Manager's Influence. The Air Force construction

manager can have a significant influence on how the computer is

utilized on these smaller projects. His direction to the contractor

can set the standard he expects for the project. If the contractor

realizes that the Air Force construction manager does understand how

the computer can aid in controlling the project, better communication

between them is possible.

Some items, such as work requiring a power outage on the Air

Force Base, may be critical to other Air Force operations, but not to

the contractor. If the Air Force construction manager has the ability

to read and understand the computer outputs, without first requiring

a detailed briefing of each, he can quickly review the reports and

determine the appropriate action required.

Since computer programs are capable of consolidating reports and

information in almost any format or in any sorting order desired, the

Air Force construction manager can, therefore, request that specific

information and formats be included on his weekly or monthly reports.
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The result is a simplification of the progress review procedures,

thereby allowing him to more professionally make the projections and

decisions which are necessary to remain on schedule and within budget.

The resultant savings in time also allow other coordination and manage-

ment responsibilities to receive greater attention. The key to this

success lies in the Air Force construction manager's knowledge of com-

puter capabilities and ability to properly interpret the reports which

are produced.

Example of a Construction Manager's Initiative. The computer can

be a valuable management tool and accounting system for other small

construction management responsibilities as well. On projects that are

designed and constructed by Air Force personnel (such as base housing

and building renovations, roadwork repair, and small additions), the

computer could be beneficial, if it were available for use by the base-

level civil engineer in construction management situations. This avail-

ability has occurred in only a few situations and then only as a result

of the personal efforts and persuasion by the individuals who had the

background or attained the knowledge of the computer's benefits and

capabilities.

For example, at the Air Force Academy's engineering and construc-

tion division, the increase in the cost of construction maintenance

and repair brought about a requirement to increase the control of these

items. The manual methods of calculating and recording the work break-

down and costs of each unit were based on "rules of thumb" and were

previously considered "adequate." It was determined that a more sophis-

ticated and accurate accounting system was required to control and

reduce costs.
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Application of the computer to this problem appeared to be the

solution. The senior manager in charge of the division had not had any

previous opportunity to learn of computer benefits and capabilities,

but instead of insisting on another manual solution to the problem, he

began his own computer "training period." After an extensive time

period of asking questions, reading books and articles, and taking

courses on computers and their applications, he and another construction

manager set up a computerized system for better control.

The problem was not completely solved with computer knowledge

alone. Most Air Force bases either do not have computer services avail-

able or do not allow computer time to be used except for already

"canned" programs. Fortunately, the Academy did have a computer dedi-

cated to its academic construction and research work. With a little

persuasion, sufficient computer time was allocated to incorporate the

accounting and cost program which was based on a converted version of
3

an inventory control program.

Upon implementation of the program, another problem became appar-

ent which actually reflected the basic computer problem: lack of

knowledge of computer applications. The workmen were not reporting

their time accurately or fully, and needed to be educated to the fact

that in order for the information which was to be obtained from a com-

puter to be of any value, the input information must be accurate and

up-to-date.

3Mr. Lawrence Clark, Chief, Technical Review Branch, Engineering
and Construction, Civil Engineering, Air Force Academy, Colorado, in a
telephone interview, November 22, 1978.
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Once these problems were solved, the computer was able to keep

an accurate record of the work accomplished, along with its associated

cost, on each construction project or housing unit. Fast recall and

the capability to quickly retrieve only required information now aids

in the planning and scheduling which is required on the recurring

building maintenance, while excessive work costs are sorted and identi-

fied for management action.

This example emphasizes one of the few situations which the writer

has found where a senior Air Force construction manager saw a need for

improvement, had the desire and initiative to learn about computers on

his own, and then put his knowledge to use in applying the computer to

solve his problem. It is evident that the knowledge of computer bene-

fits and applications can lead to better construction management.

Other Computer Applications. Other areas of possible computer

applications exist in the design and engineering divisions of the Air

Force. These areas are generally at the base-level where computer time

has not been allocated to the engineer. The solution of many pre-

construction problems in technical work areas of the structural, hydrau-

lic, and surveying functions can be greatly expedited by many of the

already existing commercial programs. Much time spent in laboring over

tedious calculations can be eliminated, thus resulting in greater effi-

ciency.

Younger, Inexperienced Construction Managers. Today's younger

officers and civilian personnel usually enter the Air Force construction

management field at the small construction or base level. Having
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obtained some form of computer orientation through their education,

they are more receptive to the use of computers, recognize its advan-

tages, and have the intuition to apply the computer to their work.

What they lack is the practical application and experience with a com-

puter and the availability of the computer4 ' 5'6. Given the oppor-

tunity to have access to the computer, they offer great potential to

the Air Force construction division at the small project level and

eventually at the large project level.

Large Construction Projects

On large projects, the Air Force construction manager is a step

removed from the contractor at the field level (see Figure 15). The

organization of this level, as mentioned earlier, can vary depending

on the complexity involved. Construction management personnel are

sometimes required in both overall project management control and in

the user's management coordination (see Figure 16).

Construction Manager's Responsibilities. The Air Force construc-

tion manager of the large projects, as in the small projects, is respon-

sible to coordinate the requirements of the user and the other agencies,

as well as to maintain project surveillance and control. He is not

4Ibid.
5Mr. Clinton C. Boyd, Director of Development, Wilford Hall Medical

Center, Lackland Air Force Base, Texas, in a telephone interview, November
20, 1978.

6Captain Charles D. Sprick, Resident Air Force Regional Civil
Engineer, Lackland Air Force Base, Texas, in a telephone interview,
November 22, 1978.
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usually involved at the field level to the degree of the construc-

tion manager of the small projects because the contracting agent (COE

or NAFAC) assumes these responsibilities. The agent also provides the

Air Force construction manager with the computerized progress reports.

Computer Applications. As with the contractor's computer reports,

to effectively read and understand the contracting agent's reports

also requires the Air Force construction manager to possess some com-

puter background knowledge or receive detailed briefings. The major

use of the reports is for progress tracking and payment authorization.

Modifications and changes can also be given closer attention if they

are accurately tracked through use of the computer.

The most critical aspect in monitoring progress in large construc-

tion projects involves the "look-ahead" schedules. 7 These can be

requested through computerized programs for various future periods:

thirty day, sixty day, six month, etc. Of extreme importance is the

ordering and delivery of the special equipment procured by the Air

Force which requires long-lead times. The "look-ahead" schedules can

show explicitly the time schedule in which the work activities are to

begin or are to be completed, so timely procurement of these special

items can be coordinated. The computer can provide the required infor-

mation rapidly and in a quite visible format, whereas a manual system

would require tedious chartmaking and updating.

7Major Peter LoPresti, Chief, Military Construction Division,
Air Force Regional Civil Engineer/Central Region, in a telephone inter-
view, November 22, 1978.
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Computer Application Example - Wilford Hall Medical Center. On

projects with multiple complexities, a separate management division

coordinates the user's requirements with the Air Force construction

manager. The Wilford Hall Medical Center project, for example, involved

the construction of the hospital addition, the renovation of the ori-

ginal section, and the construction of a total energy plant. Complica-

tions occurred since the hospital was required to remain in operation

during both the construction and renovation phases. This required a

continual moving process as new sections became operational. Medical

equipment and power plant items had critical delivery times due to

their technical nature. Manpower, trucks, and other moving equipment

had to be scheduled in advance to accomplish the required timely cri-

tical moves. To keep track of the total requirements proved to be

far beyond the capabilities of a manual system of charts, graphs,

and records.

The construction coordinator for the hospital initially performed

a thorough research and analysis of the project requirements to vali-

date the need for a sophisticated management support system. He then

reviewed available commercial computer programs and compared their

characteristics with his requirements. A system was selected and the

request for funding and computer support from higher headquarters

was approved.
8

8Lieutenant Colonel Green, Computer Staff Officer, Wilford Hall
Medical Center, Lackland Air Force Base, Texas, in a telephone interview,
November 20, 1978.
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The computer program selected has provided the tracking capability

for the user to coordinate the occupancy requirements. Unlike the con-

tractor's program which deals with the construction process, the main

emphasis in this program used by the Air Force construction manager

was placed on the tracking of the actual progress and forecasting the

crucial activities that affect the hospital's transition and equipment

installation. The control data was based on the contractor's actual

start and finish times, while the corresponding activities were selected

for their relationship to the hospital's needs. The computer calculated

the critical path and "flagged" trouble spots and critical activities

in progress reports for quick review and management-by-exception.

A major problem was avoided, for instance, when a particular

aspect of the construction process began to slip its schedule. An

analysis of its total expected delay was made and a simulated "slip

date" was placed in the computer program. Through the computer pro-

gram's ability to simulate the future schedule, all anticipated

"upsets" and changes were determined. Management was then able to com-

pensate for these, thus avoiding later costly changes and adverse con-

ditions. The computer in this instance was considered to be a

"lifesaver."9

In this example, the individual responsible for obtaining and

utilizing a computerized management system had the required background

9Mr. Clinton C. Boyd, Director of Development, Wilford Hall
Medical Center, Lackland Air Force Base, Texas, in a telephone
interview, November 20, 1978.
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in computer operations. Therefore, when he requested funding for his

computer package, he had the knowledge of the benefits of the computer

and could readily justify his request. Although nothing was written

in his job description requiring an education in computers, he was

certain that he was selected for the position on the basis of his

computer education.

Computer Application Example - Space Transportation System.

Another example that further emphasizes the possibilities of computer

applications occurred in the pre-construction phase of the Space Trans-

portation System (STS). A requirement was made from a department head

for a management system to track and portray the developments of the

various design phases of the STS program. The individual given this

responsibility had an educational background in computers. Knowing

the computer's advantages in displaying and calculating this type of

information, he naturally began to seek a computerized management

system.

The construction manager had another basic advantage in this

situation. Because his section was part of a larger division, a mini-

computer system was already physically available and a computerized

management system was already being used by another office. The con-

struction manager determined that the capabilities of the program could

be incorporated for his use, made his formal request for funding,

and received a separate file in the computer program. As in the pre-

vious example, the computer knowledge that provided the basis needed

to verify the request for computer usage was the key to its being

approved and funded.
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The next obstacle involved the actual operation of the computer.

Again relying on his educational background, the manager learned to

run the program through on-the-job training from the software represen-

tative and since then has made his own inputs, changes, updates, and

format selection for the desired reports and schedules.
10

One disadvantage in this particular situation is that until

another individual can be taught to operate the minicomputer, the

construction manager will have to make his own inputs. Also, if he

is transferred to another assignment prior to anyone else learning

the system, or if his replacement does not have the computer training,

his efforts and management continuity and effectiveness will be lost.

Therefore, the requirement is further established for more Air Force

construction managers to obtain the necessary computer knowledge and

background.

Unlike the previous example, however, this construction manager

did not feel he was selected for his position based on his computer

background. Thus, his case emphasizes the fact that there are

positions and opportunities where the Air Force can definitely benefit

from the construction manager's knowledge of computer applications.

Conclusion from Examples. From the first example there was an

indication that the Air Force does realize the computer's importance

and does, perhaps, attempt to utilize the computer knowledge of

10Lieutenant Colonel Raymond E. Rodgers, Space Transportation
System Program Coordinator, Space Transportation System Branch,
Engineering Construction Division, Space and Missile System Office,
Los Angeles Air Force Station, California, in a personal interview,
July 20, 1978.
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certain construction managers. The second example showed that the

opportunity to apply computer knowledge also exists in other, non-

selected positions. It is concluded that if more personnel were

trained in the computer field ei cunstruction management, a greater

utilization of computers aid their benefits would be realized.

It is felt by this writer that the Air Force, therefore, should

place greater emphasis on computer training and authorize more con-

struction managers to receive formal education and training in com-

puter applications to Air Force construction management. As a follow-

up, the Air Force's Civil Engineering assignment section should then,

even if already attempting this to some degree, be more selective in

making assignments. Thus, they could attempt to insure that positions

with greater potential for computer application would be filled with

those individuals who have received the appropriate computer education.

Automated Military Construction Progress

Report System

Background. The Automated Military Construction Progress

Reporting System (AMPRS) is a standard computer progress reporting

system used by the Army Corps of Engineers as part of the total COE

Management Information System (COEMIS) for controlling purposes.

It was developed by the U.S. Army Construction Engineering Research

Laboratory as a result of a comprehensive analysis during 1970 of

construction progress reporting systems used by local contractors in

various Army Districts. Its purpose is to provide standardized pro-

gress information to the various Army construction divisions and

users such as the Air Force construction managers. More accurate and

--- ---- - .... ~ . .............. *r 
o -- - .. . .
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timely information in less time and with less costs provides manage-

ment with an effective tool to aid in their planning and decision-

making responsibilities (15).

Complexity. AMPRS is a detailed and extensive system. Five

individual user's manuals are required by the various personnel using

the program. The use of each depends on their personal responsibilities

in its operation. The COE also uses the program for management con-

trol over its many divisions and widespread construction system.

The Air Force construction managers use only a small portion of its

total capability. Without any previous knowledge or background of

computers, the Air Force construction manager would require detailed

study and training to become proficient in its use.

Benefits. AMPRS provides computer benefits to construction pro-

gress reporting. Manual methods of report preparation involved much

time consumed in typing and an overlap in information gathering. With

information gathered one time and stored in a data base, it can be

recalled and printed with greatly increased speed. Typing and compu-

tational errors are also eliminated. This results in a savings of

time, and hence a savings of money.

Each project and report also has its own identifiers and activity

data. The identifiers indicate who is responsible for the work, where

it is performed, what the work is, who the contractor is, and a con-

tract number. The activity data includes actual, estimated, and obli-

gated costs, actual or estimated design or construction dates, per-

centages of completeness of costs, explanatory remarks, and contract
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modifications. This information is especially essential in reporting

to higher headquarters and to other users such as the Air Force. The

Air Force construction manager, in turn, uses this information in

his reports and to accomplish his management responsibilities.

Data Base. The data base forms the heart of AMPRS. The elements

of every project under the COE control that cculd be used for project

and construction management progress reporting are included. These

are organized and identified through a detailed coding system that

provides project interrelations, yet maintains an overall interface

with the COEMIS system. Each project has numerous stored, common

data elements that are used in the various reports.

Output Report Format. Standard output reports are available

automatically. The format of these reports was based on an analysis

of all reports previously used in the different divisional areas in

order to insure that all important points would be included. Other

formats and sortings can be requested as required in order to make

different comparisons and summaries of the project information which

is available. This would involve a change in programming similar to

those mentioned in the previous chapter. Thus, standardization is

achieved, yet flexibility in information output or reporting is

maintained.

Input Data. System input of the project data is usually accom-

plished at an Army organizational level called the District. This

involves coding, keypunching, and loading the field information and

other data into the data base. As an indication of the possible

• - -. . .. . . . ... ,- .. ..... = = , == : : - .. . : - : .=ai-rm. . i . -
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complexity involved, a system analyst/programmer, a data processing

equipment operator, and two individuals from both engineering and

construction are required to perform this task. The Air Force con-

struction manager does not become involved in this procedure, there-

fore, a detailed knowledge of the program language and commands is

not required.

Output Data and Reports. System output consists of two types of

information: system control and reports for management. The system

control information is used by technical support personnel. There are

sixteen standard reports and variations of these reports that are

designed to satisfy routine reporting requirements. Since this thesis

is primarily concerned with the particular management information

reports which are distributed to the Air Force construction managers

for information and project control purposes, they will be the only

ones which are discussed below.

1. The Air Force Status of Design Funds Worksheet,

for instance, supplies a listing of the design

fund status in the format specified by the Air

Force. With this knowledge, projects exceeding

the scheduled limitations will be noted for

management action.

2. A District Design Report-Air Force Project

provides in-depth information about Air Force

projects in the design phase. The project

design manager can monitor this detailed

information to aid him in his overall manage-

ment decision-making process.



103

3. A District Construction Report provides a

similar indepth analysis about projects in

the construction phase. This information is

used by project managers who are immediately

responsible for the construction work.

4. Many modifications and changes are usually

associated with large Air Force projects. The

Contract Modifications and Pending Items Report

lists the projects and the data associated with

any modifications of the project.

5. The District Exception Reports are vital

reports for management-by-exception. They are

actually a series of six reports for design,

construction, or a combination of both. The

reports identify project items having over-

runs or underruns of key funds, construction

periods, or dates, but are listed only if they

occur during the reporting cycle.

6. The Using Service Design Status Report provides

a monthly report for the user. It lists each

project in the design phase and provides infor-

mation such as design start dates, percent

completed, review dates, project advertising

dates, and bid opening and award dates.
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7. The Using Service Construction Status Report

is the construction phase version of the pre-

vious report. It contains the approved funding

amount, the contract bid amount, actual and

scheduled completion percentages, start dates,

completion dates, and scheduled occupancy dates.

Additional Management Capabilities. Additional schedules and

network diagrams are supplied as required through the COEMIS from

another program called Resource Allocation/Project Management System.

These network plots show the events and activities of the project

based on a computer-calculated, critical path method analysis. The

network model serves as the master plan which allows the construction

manager to visualize the total integration of the project. Differing

strategies and decisions can be simulated and the results studied

before actual application, thus avoiding possible delays or economical

losses.

AMPRS has the capability of preparing additional managerial

reports as requested by the Air Force construction manager. To know

what additional information might better aid him, the Air Force con-

struction manager must first understand AMPRS. This will require

knowledge and actual experience that cannot be gained in an overview

of this type of system. Such an exposure is beyond the limits of

this thesis.

Application Level. Unlike ICES PROJECT-I discussed in Chapter

III, AMPRS is oriented to a higher level of management review. The
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Air Force construction manager does not receive or have the need for

all of the information which is available. Some information which

is provided is the basis for cost control and the higher level

decisions, while other information is used to assist him in his daily

coordination and monitoring responsibilities.

This higher level or apparent remoteness to the actual construc-

tion process can be explained by reemphasizing the Air Force construc-

tion manager's relationship to the construction project. In projects

using AMPRS, the Air Force construction manager is a step removed

from the actual project supervision. The information required to

perform his responsibilities in the larger, more complex projects is

not the same as that used by the contractors in their daily planning,

scheduling, and controlling of a project.

The Air Force Construction Manager and AMPRS. It is apparent

that AMPRS has many capabilities and can produce many reports. Since

each project differs in the reports it requires, the Air Force con-

struction manager must be able to determine which reports will aid

him in his work. It has been indicated that at times some reports
11

are left to "gather dust" and are considered unnecessary.

It is quite probable that AMPRS, when using only standardized

reports, does include redundant or unnecessary information. It has

been noted, however, that AMPRS has the capability to prepare

11Captain Charles D. Sprick, Resident Air Force Regional Civil
Engineer, Lackland Air Force Base, Texas, in a telephone interview,
November 22, 1978.
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i
additional managerial reports as requested by the Air Force construc-
tion manager. It is felt by this writer, therefore, that Air Force

a

construction managers with increased knowledge of computer capabilities

must help to alleviate any unnecessary or redundant information.

Utilizing his knowledge of the computer program and its capabilities,

the Air Force construction manager can decide which reports will best

aid him in his management duties and insist on receiving only pertinent

information.

Summary and Conclusions

Air Force construction projects are usually constructed by

private construction contractors under the control of the Air Force

construction manager. His responsibilities include construction sur-

veillance, fund management, change request approval, cost minimization,

and project expediting. In addition, a major responsibility involves

the coordination of the user's requirements with those of the contrac-

tor and other tenant agencies to meet the construction schedule.

Computer applications to aid in Air Force construction management

have not received the emphasis which has been felt in other areas of

the Air Force. Interviews with Air Force construction managers in the

field determined that the opportunity for computer applications does

exist and the basic intuition and intellect are available to utilize

computers. Drawbacks to this application include the lack of computer

accessibility, tendency to utilize traditional methods, lack of know-

ledge, training, and practical experience with computers, and the

differing roles involved in the management organizations of the Air

Force construction projects.* A
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Air Force construction projects can be placed in basically three

categories: small projects, large projects, and large, complex pro-

jects. On small projects the Air Force construction manager works

directly with the contractor on a daily basis and has the best oppor-

tunity to determine the needs and extent of computer application. On

either type of large project, the Army or Navy construction divisions

usually act as the contracting agent, thus, the Air Force construc-

tion manager is a step removed from the field operations level. The

contracting agent directly controls the contractor and also provides

the computer reports to the Air Force construction manager. It is

the responsibility of the construction manager to determine if the

content and format of the computer reports provide the necessary infor-

mation to effectively and efficiently aid him in his management duties.

A program used by the Army Corps of Engineers (COE) to supply

these reports is the Automated Military Construction Progress Reporting

System (AMPRS). The COE utilize this report as part of a larger cen-

tral information system to control several projects in a district

region. Several standard reports are available, while other formats

and sorting can be requested in order to make different comparisons

and summaries of project information available. Before the Air Force

construction manager can analyze these reports and make sound manage-

ment judgements, he must have the knowledge of computer applications.

ISeveral examples of situations in the Air Force construction
field have portrayed some opportunities to obtain computer programs

and utilize computers. The key to computer applications in these
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I situations was a sound background of computers in two cases, while

a third case resulted from determination and personal training and

study.

It is concluded from these examples and the consensus of the

previously discussed interviews that greater opportunities to utilize

computers in the Air Force construction industry do exist. The pri-

mary ingredient lacking is the initial knowledge and awareness of

computer capabilities and applications. To alleviate this problem

and receive the benefits of the computer in the construction field,

the Air Force must place greater emphasis on computer training

and education, together with making the computers and computer pro-

grams more available to the Air Force construction manager.

.v- LL-
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CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The application of computers in the construction industry can

provide many benefits to the construction manager as he attempts to

meet his responsibilities. Though initially it was widely rejected,

the computer has recently become more readily acceptable to construc-

tion managers. One area that has not achieved this extensive computer

usage to any significant degree is Air Force construction management.

Considered in this thesis were three basic areas of computer

knowledge: computer development, computer application to private

construction management, and computer application to Air Force con-

struction management. These were areas that, when analyzed, provided

the basis for an introductory document to aid the Air Force construc-

tion manager in the accomplishment of his duties.

An overview of the developments of the computer illustrated the

various factors and attitudes that were present when the computer

was first developed. Many of the problems related to the acceptance

and application of the computer have also affected the Air Force con-

struction program. These problems and the developments that made

computers more acceptable were presented to make the Air Force con-

struction manager aware of the extensive technology and advancements

which have improved the computer. Training programs which indicate
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some methods in which the computer can be used as an additional edu-

cational tool as well as to gain practical management simulated

experience were discussed.

The application of computers in the pre-construction, construc-

tion, and post-construction phases of a project was analyzed and

discussed with regard to the areas of application, options available

with various programs, and the benefits derived. Actual computer

output for a sample demonstration project was analyzed and portrayed

using a basic construction management computer program, ICES PROJECT-I.

Air Force construction management was analyzed on the basis of

pamphlets and programs supplied by various military agencies. In

order to obtain "first-hand" knowledge of computer applications at

the various levels of management, interviews were made of Air Force

construction managers who are working, or have worked at these levels.

Experiences and consensus opinion concerning the availability and

application of computers at these levels provided the basis for the

analysis. An overview of a military computer program provided a

measure which indicated the difference between the private and public

computer programs, as a reflection of their management roles.

The purpose of this study was to provide, in an introductory

document, an overview of the benefits of computer applications as

applied to the Air Force construction management field. The approach

taken in the study was directed at providing a starting point from

which the Air Force construction manager could turn to gain knowledge

of the application of computers to Air Force construction management.

Mlli..", =1
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Conclusions and Recommendations

The computer's capabilities and capacities have greatly increased

through advanced technology. With their reduction in cost, they have

become widely accessible for utilization as a management tool.

The greater complexity and costs of today's construction pro-

jects require sophisticated management systems. Construction manage-

ment systems utilizing the computer have been developed that provide

time saving and economical benefits for construction management.

Therefore, it is recommedned that the Air Force place greater emphasis

on the application of computers in their construction management pro-

gram to realize these benefits.

From the analysis and study of the computer's development and

its application to private and public construction management, the

following conclusions and recommendations to aid in achieving the

computer's benefits are made:

1. The Air Force construction manager's utili-

zation of computers is usually directly

related to his knowledge and understanding

of their applicability and capability. The

Air Force should authorize more construction

managers to receive formal education and

training in computer applications.

2. A computer's potential cannot be achieved

without the support and backing of the

higher levels of management. Although the
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younger Air Force engineers and construction

managers have usually received an orientation

to computer applications and capabilities

through their college educations, their know-

ledge and ability to apply computers and the

benefits to be gained by computer application

cannot be achieved without the support from

these higher levels of management. Concurrence

and recognition of this fact must be greatly

emphasized and endorsed from the "top", so the

young managers' initiative and intuition can be

utilized to the best interest of the Air Force.

3. The allocation of computer time to Air Force

construction operations at the Air Force base-

level is not readily available. It is felt

that when the Air Force's Phase IV computer-

ized system (the purpose of which is to extend

automated data processing to the base-level users)

is adopted, Air Force construction managers at this

level should be allocated computer time. Until

that time, however, emphasis should be placed on

obtaining greater utilization of computer time-

sharing capabilities available to Air Force con-

struction managers.

4. The opportunity to gain practical experience in

construction management without costly errors is
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available through computerized games. If the

Air Force construction manager is able to gain

access to the computer, games of this type

should be included as part of his on-the-job

training program.

5. On small construction projects, the Air Force

construction manager is in the position to

use his computer knowledge to aid in his duties

and to obtain the benefits of the computer.

Through his direct relationship with the contrac-

tor, he can control the type and amount of infor-

mation desired. His direction to the contractor

should set the standard of computer utilization

he expects for the project. The Air Force

construction manager should, therefore, make it

a contractual requirement that the contractor

provide the Air Force computerized, modified

and designed for Air Force construction manage-

ment purposes, as determined by the Air Force

construction manager.

6. When computers are available through other

departments, or there is a potential for com-

puter utilization such as on large, complex

construction projects, Air Force construction

managers have been able to obtain computer

time by validating and substantiating their



114

request. If these managers are selected for

their assignments based on their background,

greater utilization of computers and their

benefits can be realized. Therefore, the Air

Force should make this a primary concern in its

assignment selection criteria.

7. The contracting agent for the Air Force, whether

it is the COE or NAFAC, does use computer pro-

grams to provide construction management reports.

Some of the information provided is redundant,

while some is unusable to the Air Force construc-

tion manager because he does not have the knowledge

to understand it. The Air Force construction mana-

ger should request a thorough briefing from the

agency providing these reports as to the contents

and meaning of each report. He can then decide

what is pertinent and can aid the contracting agent

to utilize the full capability of the computer pro-

gram to tailor redundant reports to meet the Air

Force construction manager's needs.
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APPENDIX

Software Package Information

Almost unlimited variations exist in computer software packages

for construction management purposes. Besides the many programs commer-

cially available, construction and construction management companies

have developed their own programs or tailored other programs to meet

their organizational needs. Program capabilities vary from basic con-

struction project scheduling and control programs for a single pro-

ject to comprehensive programs with many options and the capability

to handle several projects simultaneously.

PROJECT-I (discussed in Chapter III) is considered one of the

basic computer programs. An advanced program called PROJECT/2

offers network plotting, CPM scheduling, progress control, cost pro-

cessing, resource allocation and constraining, and multiproject fea-

tures. The degree of program capability is directly related to the

cost of the program. Whereas PROJECT-I is relatively inexpensive,

PROJECT/2 can be purchased for approximately $25,000. Many programs

can be purchased outright or rented on a monthly basis. The cost

usually includes several days of training and follow-up consultation.

To obtain information for this thesis regarding construction

management computer programs, the writer attempted to contact software

centers, construction companies, construction management firms, and

computer sharing bureaus. Of the thirty-five organizations contacted,

only six responded; three provided pertinent Information, while the
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remainder provided general information or order forms to purchase

additional information. It is felt that an Air Force construction

manager in a position to request and authorize the purchase of computer

programs for an actual construction project would have received a

better response.

As an aid to the Air Force construction manager in search of

available programs, the following directory listing of software package

sources is provided. This is only a partial listing since, as noted

above, there are hundreds of software centers and other sources avail-

able. Additional sources are also continually forming or available

through the expansion of computer services. The companies listed do

provide software packages for construction management purposes in the

planning, scheduling, accounting, and controlling of a construction

project. Their costs and capabilities vary from one program to another.

As a continuation research project, the interested reader could

expand this listing. Research criteria could include additional

sources, cost and capability comparisons of programs, equipment

requirements, and program names and functions. Additional listings

and information on software packages could possibly be obtained from

the computer departments of major universities, construction companies

who offer their programs to the public, and computer library centers

where available.

American Software & Computer Company
550 Pharr Road, Suite 630
Atlanta, GA 30305
(404) 261-4381
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Andrew Sipos Associates
104 East 10th Street
New York, NY 10016
(212) 986-6560

Atlantic Software, Inc.
Lafayette Building, Suite 910
5th & Chestnut Streets
Philadelphia, Pa 19101
(215) 922-7500

Babcock & Wilcox Company
20 S. Van Buren Avenue
Barberton, Oh 44204
(216) 753-4511

Bristol Information Systems
P. 0. Box 2133
Fall River, Ma 02722
(617) 679-1051

CDC
Software Documents
4201 N. Lexington Avenue
St. Paul, Mn 55112

CEPA
P. 0. Box 1532
Rockville, Md 20850
(301) 762-6803

CESL
Department of Civil Engineering
Massachusetts Institute of Technology
Cambridge, Ma 02139

Computer Applications Corporation
413 Kellogg
Ames, Ia 50010
(515) 232-8181

Computing and Information Sciences Corporation
810 Thompson Bldg
Tulsa, Ok 74103
(918) 583-5791

Construction Information System
Box 484
Mill Valley, Ca 94941
(415) 332-5073

• Telephone information unknown
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Construction Management System
P. O. Box 90
Haddonfield, NJ 08033
(609) 429-4030

COSMIC
University of Georgia
112 Barrow Hall
Athens, Ga 30602
(404) 542-3265

Cybernet Publications
Applications Services
Minneapolis, Mn 55440

Digital Equipment Corporation
146 Main Street
Maynard, Ma 01754
(617) 897-5111

EDP Design Consultants, Inc
140 Weldon Parkway, Suite 4
St Louis, Mo 63043
(314) 432-5797

General Services Administration
18 & F Street NW
Washington, DC 20405

Honeywell Informations Systems
200 Smith Street
Waltham, Ma 02154
(617) 890-8400

IBM Corporation
General Systems Division
5775 Glenridge Drive
Atlanta, Ga 30301
(404) 256-7000

IBM Corporation
1133 Westchester Avenue
White Plains, NY 10604
(914) 696-1900

* Telephone information unknown
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Information Sciences, Inc
125 Dupont Drive
Providence, RI 02901
(401) 278-5900

International Systems, Inc
890 Valley Forge Plaza
King of Prussia, Pa 19406
(215) 265-1550

Itel Corporation
10801 National Blvd
Los Angeles, Ca 90064
(213) 475-8627

Keith and Associates, Inc
2655 Villa Creek Drive
Suite 125
Dallas, Tx 75229
(214) 620-1860

Martin Marietta Data Systems
300 E. Joppa Road
Towson, Md 21204
(301) 321-5744

McDonnell Douglas Automation Company
Box 516
St Louis, Mo 63166

MSP Inc
594 Marrett Road
Lexington, Ma 02173
(617) 861-6130

Multiple Acceys Computer Group
Toronto Data Center
885 Don Mills Road
Don Mills, Ontario M3C 1W2
(416) 443-3904

NCR Corporation
5225 Springboro Pike
West Carrolton, Oh 43449
(514) 449-5241

* Telephone information unknown
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Nichols and Company, Inc
1900 Avenue of the Stars
Los Angeles, Ca 90067
(213) 556-2757

Olivetti Corp of America
500 Park Avenue
New York, NY 10022
(212) 371-5500

Peter F. Loftus Corporation
Chamber of Commerce Bldg
Pittsburgh, Pa 15219
(412) 391-2280

Peter J. Hogg
216 Miller Avenue
Mill Valley, Ca 94941

Program Control Corporation
Hathaway Bldg, Suite 408-B
7120 Hayvenhurst Avenue
Van Nuys, Ca 91406

(213) 782-2900

Project Software & Development, Inc
14 Story Street

Cambridge, Ma 02138
(617) 661-1444

Quality Data Products, Inc
P. 0. Box 76065
Atlanta, Ga 30328
(404) 434-6160

Sperry Univac Division
Sperry Rand Corporation
P. 0. Box 500
Blue Bell, Pa 19422
(215) 542-4011

Sysnet Company
322 W. 52nd Street
Suite 311
New York, NY 10019
(212) 868-3330

* Telephone information unknown
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Systonetics, Inc
600 N. Euclid Street
Anaheim, Ca 92801
(714) 778-1600 *
Technical Economics, Inc
573 the Alameda
Berkeley, Ca 94707
(415) 525-7774


